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(54) PROJECTION ALIGNER 

(57)Abstract: 

PURPOSE: To prevent the image-formation performance with reference to an 
inclined pattern, especially the improvement degree of the depth of focus, of an 
aligner from being deteriorated by a method wherein, although many optimized 
parts are included in longitudinal and transverse patterns on a reticle as the 
light-source shape of a deformed light source, some optimum parts are also 
included in the inclined pattern. 

CONSTITUTION: The shape of a light-shielding plate 8 includes a surface light- 
source part which is effective in forming the image of slightly inclined patterns 
Ta, Tb, and the greater part of a central crossed light-shielding part shields a 
surface light-source part which is not suitable for not only a longitudinal pattern 
Pv and a groove pattern Pb but also the inclined patterns Ta, Tb. As a result, 
when the image of the inclined patterns Ta, Tb is formed, a resolution and a 
depth of focus which are remarkably higher than those by an ordinary 
illumination (a simply circular or polygonal surface light source using an optical 
axis AX as the center) in conventional cases can be obtained. Consequently, it 
is possible to prevent the image-formation performance with reference to the 
inclined patterns, especially the improvement degree of the depth of focus, of 
the aligner from being deteriorated. 
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CLAIMS 



[Claim(s)] 

[Claim 1]An illumination system which illuminates a mask in which a pattern which should be projected was formed. 
A projection optical system which projects an image of said pattern on a sensitized substrate. 

Are the above the projection aligner which it had and said illumination system, An illumination-light study system which has a field 
which serves as a relation of the Fourier transform optically to a pattern surface side of said mask inside, While; this light distribution 
setting-out means distributes said illumination light including a light distribution setting-out means to distribute illumination light in a 
predetermined radius centering on an optic axis on said Fourier transformation plane or its nearby surface, in a field of the shape of 
zona orbicularis of specified width centering on said optic axis, Said illumination light is distributed over a field for two or more 
discrete copies except the central part inside a field of the shape of this zona orbicularis. 

[Claim 2]A light source for irradiating with illumination light a mask in which a pattern which should be projected was formed. 
An illumination-light study system from which a field which serves as a relation of the Fourier transform optically to a pattern surface 
side of said mask is formed in an inside, and a secondary light source of said light source is made by this Fourier transformation plane 
or its nearby surface, A projection optical system which enters light from a pattern of said mask irradiated by illumination light from 
this illumination-light study system, and carries out image formation projection of the image of this pattern on a sensitized substrate. 
The 1st pattern shape that has periodicity in each of a 2-way with which are the projection aligner provided with the above and a 2- 
way and a pattern on said mask cross at right angles mutually, When there are more rates that it is formed with the 2nd pattern 
shape that has periodicity in the direction which intersects each of this 2-way, and said 1st pattern shape closes on said mask than a 
rate that said 2nd pattern shape closes, So that oblique illumination light corresponding to the direction of the periodicity of form of 
said 1 st pattern may be made, The 1 st setting-out component which sets the 1 st surface of light source as each of four fields which 
carries out eccentricity only of the specified quantity and is mutually located symmetrically from an optic axis of said illumination- 
light study system on said Fourier transformation plane or its nearby surface, So that oblique illumination light corresponding to the 
direction of the periodicity of said 2nd pattern shape may be made, It had the 2nd setting-out component which sets the 2nd surface 
of light source as each of four fields which carries out eccentricity only of the specified quantity and is mutually located 
symmetrically from an optic axis of said illumination-light study system on said Fourier transformation plane or its nearby surface, and 
area of said 1 st surface of light source was made larger than area of said 2nd surface of light source. 

[Claim 3]Equipment given in the 2nd clause of a claim specifying said 1st setting-out component and the 2nd setting-out component 
with transparent part form of a gobo arranged in a Fourier transformation plane of said illumination-light study system, or its nearby 
surface. 

[Claim 4]Equipment given in the 3rd clause of a claim, wherein said illumination-light study system has arranged said gobo to the 
projection surface side of this fly eye lens including a fly eye lens which makes said surface of light source. 

[Claim 5]The 1 st pattern shape formed in a 2-way which intersects perpendicularly on a mask with periodicity, A projection optical 
system which carries out image formation projection of the 2nd pattern shape that has periodicity in the other direction on a 
sensitized substrate, While making the image formation of the light source image by fly eye lens which forms a light source image of a 
size which enters light from a light source and is included by circular area of a predetermined radius, and this fly eye lens carry out in 
the center of a pupil surface of said projection optical system, or its nearby surface, In a projection aligner provided with a condensing 
optical system on which light from each point within said light source image is made to superimpose on said mask, When two axes of 
coordinates corresponding to each of a 2~way which intersects perpendicularly mutually among the directions of the periodicity of 
said pattern by making the center of said light source image into the starting point are set up, The 1 st transparent part that four 
quadrants specified with this 2 ** axis of coordinates were alike, respectively, and was mostly formed with an identical area, From 
said starting point, in an equidistant position mostly to each four on said two axes of coordinates. A projection aligner having arranged 
a gobo which has the 2nd transparent part mostly formed with an identical area to the injection side of said fly eye lens, and changing 
area of the 1 st transparent part of said gobo, and the 2nd transparent part according to importance of said 1 st pattern shape and the 
2nd pattern shape. 

[Claim 6]A projection optical system which carries out image formation projection of the pattern of a mask on a sensitized substrate. 
An illumination-light study system which enters light from a light source, forms the surface light source of prescribed shape in an 
optical Fourier transformation plane to said mask, or its nearby surface, and irradiates with light from this surface light source 
uniformly on said mask. 

When r and a coherence factor of said surface light source are made into a sigma value for a radius of a circle which is the projection 
aligner provided with the above, defined the rectangular coordinate system XY by having made the center of said surface light source 
into the starting point, and was approximated to an outside of said surface light source, It is each about the coefficients a and b. 0.1 
r/sigma<=a <= 0.4 r/sigma As 0.4 r/sigma<=b <= 0.8 r/sigma, A light-intensity-distribution aajusting member which makes light 
intensity with inside of a field of -a<=X<=a, the inside of a field of -b<=Y<=b and -a<=Y<=a, and -b<=X<=b smaller than other fields on 
said surface light source, or is set to about 0 was provided. 



http://www4.ipdl.inpit.go jp/cgi-bi^ 4/4/2011 



JP,06-196388,A [CLAIMS] 



Page 2 of 2 



[Claim 7]Equipment given in the 6th clause of a claim when the coefficient c is made into 0.3 r/sigma<=c <= 0.6 r/sigma, wherein said 
light-intensity-distribution adjusting member makes light intensity in a field of X 2 +Y 2 <=c 2 smaller than other fields or sets it to about 
0 on said surface light source. 

[Claim 8]When said illumination-light study system is constituted so that image formation of the starting point of said surface light 
source may be carried out to the center of a pupil surface of said projection optical system, and a radius on said surface light source 
of an effectual pupil diameter of this projection optical system is made into rg. Equipment given in any 1 clause of the 6th clause of a 
claim or the 7th clause making or more into 0.7 a sigma value which is ratio r/rrj with the radius r of said surface light source 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the exposure device which devised to the lighting of the mask (reticle) in which the 
pattern which should be transferred especially was formed about the projection aligner used for the exposure transfer of minute 
patterns, such as Integrated Circuit Sub-Division and a liquid crystal display element. 
[0002] 

[Description of the Prior Art]In the lithography process which a miniaturization follows every year, introduction of the practical 
projection aligner for 64 MD-RAM manufacture is indispensable now. In order to attain projection exposure transfer of such a detailed 
pattern in sufficient accuracy, more various devices than before are proposed. The pattern which should be transferred especially like 
a line and space (it is considered as L&S below) before long, when it had periodicity in a certain direction, super resolution technology, 
such as JP,H4-108612,A and JP.H4-225514A was proposed as a technique which resemble markedly and to which resolution and 
the depth of focus are made to expand rather than before. 

[0003]This super resolution technology is making special only the orientation characteristic of the illumination light to the mask 
substrate (reticle) in which the L&S pattern which should be carried out projection exposure was formed, and makes the detailed 
pattern which was not resolved resolve with sufficient depth of focus in the conventional lighting. The orientation characteristic of the 
illumination light is made by controlling distribution of the illumination luminous flux within the Fourier transformation plane to the 
reticle in an illumination-light study system, i.e., distribution of secondary light source images, corresponding to the degrees of detail 
of the pattern of L&S of a reticle (pitch etc.). 

[00Q4] Drawing 1 is a perspective view showing the typical composition of an illumination-light study system which applied the 
technology indicated by the above-mentioned gazette. Here, the emission point of this mercury lamp 1 is arranged to the 1 st focus of 
the elliptic mirror 2, using the mercury lamp 1 as an illumination light source. Once converging the illumination light ILa reflected with 
the elliptic mirror 2 with the 2nd focus 3, it is reflected by an unillustrated mirror and it enters into the collimating lens system 4. 
When the elliptic mirror 2 and the mercury lamp 1 are generally combined like drawing 1 , the section of the illumination light ILa has 
zona-orbicularis-like (doughnut shape) intensity distribution. The illumination light ILa of the section of the shape of this zona 
orbicularis is mostly changed into a parallel pencil by the collimating lens system 4, and reaches the gobo 8 arranged at the Fourier 
transformation plane within an illumination system. On the gobo 8, four openings are provided from the optic axis AX at an equidistant 
position, and the fly eye lenses 7A, 7B, 7C, and 7D are formed in each of this opening. Each of each entrance plane of these fly eye 
lenses 7A-7D is located in the illumination luminous flux ILa of a zona-orbicularis-like section. The point light source image of the 
mercury lamp 1 is formed in each injection side of the fly eye lenses 7A-7D only several minutes of the element lens in the fly eye 
lens. Therefore, secondary light source images (surface light source) are formed in each projection surface of the fly eye lenses 7A- 
7D. 

[0005]The illumination light from each of each fly eye lenses 7A-7D is uniformly superimposed on pattern formation field PA of the 
reticle R, and it is irradiated with it by the inverse Fourier transform optical system 1 1 (it is henceforth called a condenser lens for 
convenience) containing a condenser lens etc. When the reticle R is arranged and the center is made into the starting point of the 
coordinate system XY so that the optic axis AX may pass at the center of pattern space PA of the reticle R, a L&S-like reticle 
pattern, In many cases, it is divided into the L&S pattern (vertical pattern) Pv which has a pitch in the direction of X, and the L&S 
pattern (horizontal pattern) Ph which has a pitch in the direction of Y. That is, in pattern space PA, a pattern group with periodicity is 
gathered and formed about the 2-way of the direction of X, and the direction of Y. 

[0006]If Lighting Sub-Division conditions shall be optimized to the minimum thing among the L&S pattern Pv, X of Ph, and the pitch of 
the direction of Y, eccentricity yalpha from each optic axis AX of the fly eye lenses 7A-7D and xbeta will be decided by the minimum 
pitch of the L&S pattern, and the most important relation. The wavelength of Gy (micrometer) and the illumination light ILa for the 
minimum pitch of the direction of Y of the L&S pattern Ph For example, lambda (micrometer), When the angle of diffraction (angle 
from a zero order light) of the primary diffracted light which sets the distance from the condenser lens 1 1 to the reticle R, i.e., a focal 
distance, to f (mm), and is generated from the L&S pattern Ph is set to 2thetay (rad), Eccentricity yalpha of the direction of Y of one 
fly eye lens to which its attention is paid is decided that sin2theta y=lambda/Gy and y alpha=f-sin theta y are filled almost 
simultaneous. 

[0007]When the angle of diffraction of the primary diffracted light which sets the minimum pitch of the direction of X of the L&S 
pattern Pv to Gx (micrometer), and is generated from the L&S pattern Pv is set to 2thetax (rad), It is decided that sin2theta 
x=lambda/Gx and x beta=fsin theta x satisfy eccentricity xbeta of the direction of X of one fly eye lens to which its attention is paid 
almost simultaneous. As mentioned above, in the conventional special illumination (modification light source). For super resolution 
projection of the pattern Pv which has a pitch in the direction of X among the L&S patterns on the reticle R. the pair (the fly eye 
lenses 7A and 7D.) of secondary light source images which carried out eccentricity in the direction of X symmetrically on the Fourier 
transformation plane Or for super resolution projection of the pattern Ph which the oblique illumination light from the fly eye lenses 
7B and 7C contributes, and has a pitch in the direction of Y. The oblique illumination light from the pair (the fly eye lenses 7A and 7B 
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or fly eye lenses 7C and 7D) of secondary light source images which carried out eccentricity in the direction of Y symmetrically on 
the Fourier transformation plane contributes. 

[0008]The rotary shutter etc. which control a start and discontinuation of exposure to the 2nd focus 3 in drawing 1 are arranged, The 
2nd focus 3 is secondary light source images and conjugate which are formed in each projection surface side of the fly eye lenses 
7A-7D, and each entrance plane of the fly eye lenses 7A-7D has a pattern surface side of the reticle R, and conjugate. 
[0009] 

[Problem to be solved by the invention]In the conventional technology like the above, it is effective in improving resolution and the 
depth of focus only about the period pattern of the specific direction of the circuit original edition (reticle) which should be 
transferred, for example, the 2-way which intersects perpendicularly. However, about the pattern which has periodicity in other 
directions, especially the direction rotated 45 degrees to each of the above-mentioned 2~way which intersects perpendicularly, there 
was a problem that resolution and the depth of focus fell rather than the exposure device which applied the usual illumination. 
[0010]This invention raising substantially the resolution and the depth of focus of a 2-way pattern which accomplish in view of such a 
problem and have periodicity in each of the direction [ parallel to especially a reticle outside ] in every direction on a reticle. It aims 
at offer of the projection aligner with which high resolution and large focus depth are obtained from usual equipment also with the 
slanting (for example, 45-degree rotation) pattern in which a direction differs from these. 
[0011] 

[Means for solving problem]The two-dimensional form of the light source image (surface light source) formed in the Fourier 
transformation plane in the illumination-light study system for mask Lighting Sub-Division of a projection aligner is applied to the 
conventional form, and it was made to change it a little in this invention. The zona-orbicularis portion outside the circle C2 of a 
predetermined radius is kept from specifically shading at all from the starting point among the surface light sources (here projection 
surface of the fly eye lens 7) included in the almost circular field CI, as shown in drawing 2 . And the cross shape shade part 8A 
prolonged in each of X and the direction of Y from the starting point is formed inside the circle C2, and the transparent part (surface 
of light source) mutually divided into each of four quadrants specified with X and a Y coordinate axis was formed. The transparent 
part of the four quadrants contributes to the super resolution of a cyclic pattern which has a pitch in each of X and the direction of Y 
as usual. 

[001 2]Although all of four points of the cross shape shade part 8A were installed in the former more than the radius (almost radius of 
the circle C1) of the surface light source, four points of the cross shape shade part 8 are made smaller than the radius of the surface 
light source, and it was made for the surface light source small in area to exist also in the outside of these four points in this 
invention. Setting out of the rectangular coordinate system XY in this drawing 2 is completely the same as the thing of drawing 1 , and 
the starting point of the coordinate system XY is in agreement with the optic axis AX of an illumination-light study system or a 
projection optical system. In drawing 2 , EP expresses the pupil surface of the projection optical system seen in the projection surface 
of the fly eye tens 7 as a two-dimensional light source image (surface light source). 

[001 3]Generally with this kind of projection aligner, a surface light source image (image of the projection surface of the fly eye lens 7) 
is formed in the pupil surface (Fourier transformation plane) of a projection optical system. And what is been radius rp of pupil EP of a 
projection optical system seen on the Fourier transformation plane in an illumination-light study system and ratio r/rn, the radius r of 
the surface light source, is called a sigma value. Then, if 0.7 to about 0.8 and radius r' of the circle C2 are made into about 
0.64rg=0.64 r/sigma for the radius of the circle C1 by the sigma value in drawing 2 , The effect of super resolution fully comes to be 
acquired also to a period pattern with a line width of 0.4-0.45 micrometer which has a pitch in the direction rotated only 45 degrees 
to each of X and the direction of Y. About the circle CI, and the setups of C2 and the size conditions of the cross shape shade part 
8A which were shown in drawing 2 , it illustrates in detail in future embodiments. 
[0014] 

[Function]While many portions optimized by the pattern in every direction on a reticle were included as the so-called light source 
configuration of a modification light source, it was made to also include slightly the portion (outside at the tip of the cross shape 
shade part 8A of drawing 2 ) optimal also about a slanting pattern in this invention. For this reason, in the conventional modification 
light source, the resolution and the depth of focus of a slanting pattern which had usually got worse from Lighting Sub-Division rather 
are also usually improvable compared with Lighting Sub-Division. Since the balance of the area (light volume) of the light source part 
optimized by the pattern in every direction and the area (light volume) of the light source part optimized by the slanting pattern is 
also optimized, an improvement of the resolution at the time of projection of a pattern in every direction and the depth of focus can 
also be realized almost to the same extent as the case of the conventional modification light source configuration. When a zona- 
orbicularis-like surface light source part (radius r'-r) is provided in the outside of the cross shape shade part 8A like drawing 2 , even 
if the direction of the periodicity of a slanting pattern is not necessarily 45 degrees (or 135 degrees) to each of X and the direction of 
Y, the effect of this invention is acquired. 
[0015] 

[Working example] Drawing 3 is a figure showing the overall outline composition of the projection aligner by the embodiment of this 
invention. And the same mark is given to the thing in drawing 1 , and the thing of the same function by the component in drawing 3 . 
The illumination light ILa from the mercury lamp 1 enters into the fly eye lens 7 via the collimating lens system 4, the mirror 5, and 
the input side field lens 6, after being converged by the 2nd focus 3 with the elliptic mirror 2. The rotary shutter 19A rotated in the 
position of the 2nd focus 3 in one way is arranged, and the shutter 19A is controlled by the drive units (a motor, a drive circuit etc.) 
1 9B. When the illumination light ILa enters into the fly eye lens 7, it has zona-orbicularis-like intensity distribution like the case of 
drawing 1 , but in the case of that from which the form of the gobo (diaphragm) 8 provided in the injection side of the fly eye lens 7 
makes a modification light source like drawing 2 , it is suitable. However, when switching the gobo 8 to the gobo 9 with the same 
circular opening diaphragm as usual and usually illuminating, the intensity distribution of the shape of zona orbicularis of the 
illumination light ILa is not so preferred. In the case of that to which especially the reticle R applied the phase shift method, the 
numerical aperture of the illumination light to the reticle R is extracted to a comparatively small value (it is 0.2 to about 0.4 at a sigma 
value). In that case, only the light of the center section of the intensity distribution of the shape of zona orbicularis of the illumination 
light ILa from the element lens of the center portion of the fly eye lens 7, i.e., the illumination light, will be used for reticle Lighting 
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Sub-Division, and will cause an illumination fall. 

[0016]then, the time of usually changing to Lighting Sub-Division — for example it is good to arrange the prism 30 which is 

indicated by USP. 4,637,691 etc. exchangeable between the collimating lens 4 and the field lens 6, and to operate the intensity 
distribution of the shape of zona orbicularis of the illumination light ILa orthopedically to distribution of a circle configuration. Now, the 
turret 10 which holds the gobo 8 and the gobo 9 usually for light sources for modification light sources like drawing 2 exchangeable is 
formed in the injection side of the fly eye lens 7. With the drive unit 10A, the turret 10 is rotated at a given predetermined angle. In 
drawing 3 , the gobo 8 is positioned at the injection side of the fly eye lens 7. In this way, the illumination light ILb which passed along 
the transparent part of the gobo 8 enters into the condenser lens 1 1 via the output side field lens 13 and the mirror 12. With the 
condenser lens 1 1 , the light from each point light source of two or more selected element lenses in the fly eye lens 7 is altogether 
superimposed on the pattern space of the reticle R, and is irradiated uniformly. The illumination light ILa shown in drawing 3 is 
expressed on behalf of the light from the point light source of one selected element lens. 

[0017]Here, the relation between the shade part form of the gobo 8 and element lens arrangement of the fly eye lens 7 is the same as 
what was shown in drawing 2 . also makes a shade part actually the outside of the circle C1 in drawing 2 , and vapor-deposits and 
makes a metal layer etc. on transparent plates, such as a quartz plate, also including the cross shape shade part 8A. The projection 
surface (or field of the gobo 8) of the fly eye lens 7 has a relation of the optical Fourier transform to the pattern surface side of the 
reticle R. Therefore, with the condenser lens 1 1 , the light from the point light source made from one element lens of the fly eye lens 7 
serves as a parallel pencil of the incidence angle theta, and carries out oblique illumination of the reticle R. At this time, the 
eccentricity (distance from the optic axis AX) on one Fourier transformation plane of the point light source is in the sine (sin theta) 
and proportionality of the incidence angle theta. As for this incidence angle theta, an optimum dose value exists according to the 
pitch of the periodic pattern on the reticle R. Since it is indicated by previous JP.H4-225514.A etc. about the deciding method of X, 
eccentricity yalpha to a pattern periodic to each of the direction of Y, and xbeta, the explanation is omitted here. 
[001 8]zero-order diffractedHight Dn a mong each diffracted light generated from period pattern of specific pitch on reticle R by the exposure of 
illumination light ILb . and one primary diffractedHight — a both-sides call — the wafer W is reached after being symmetrically 
distributed within pupil EP of centric projection optical system PL Therefore, image formation of the period pattern of the specific 
pitch on the reticle R is carried out on the wafer W as a light-and-darkness image made by one interference with primary diffracted- 
light Dj and zero-order diffracted-light D 0 . Since the regist layer is applied to the surface of the wafer W, the opened times of the 
shutter 19A are controlled, and if the amount of optimal exposing light corresponding to the resist is given, the reduced image of the 
period pattern of the reticle R will be formed in a regist layer. 

[0019]The wafer W is laid on the stage WST which carries out two-dimensional movement in a field vertical to the optic axis AX, and 
the stage WST is driven with the drive units 18B, such as a motor, based on the measuring result of the coordinates position by the 
laser interferometer 18A. The control unit 20 controls the wafer stage WST, the drive unit 19B for shutters, and the drive unit 10A for 
turrets in generalization. Automatic Control Division according to the library-name of the reticle R to the drive unit 1 0A for turrets or 
the manual control by the directions from an operator is especially possible. 

[0020j Drawing 4 is a top view showing the concrete form of the gobo 8 by the 1 st embodiment, and drawing 5 shows typically the 
period pattern arrangement on the reticle R when it sees by the same coordinate system as the coordinate system XY in drawing 4 . 
As shown in drawing 5 , on the reticle R The direction X of outside each neighborhood of a reticle. If many periodic vertical patterns 
Pv (a pitch is the direction of X) parallel to Y and horizontal patterns Ph (a pitch is the direction of Y) exist and carry out 
comparatively compared with them, it is small, but the periodic slanting patterns Ta and Tb which carried out 45-degree (or 1 35 
degrees) rotation to each of X and the direction of Y exist. The composition of such a pattern is common not only in this example but 
in the reticle as the circuit original edition for semiconductor devices. 

There are many rates of the vertical pattern Pv and the horizontal pattern Ph, and few things of the rate of the slanting patterns Ta 
and Tb are common. 

[0021]If it irradiates with the illumination light from the illumination-light study system which applied the gobo 8 shown in drawing 4 t o 
the reticle R which has these patterns, The resolution and the depth of focus at the time of projection with the vertical pattern Pv on 
the reticle R and the horizontal pattern Ph improve as usual by making into the surface light source each of the four flabellate area 
pellucida 81a, 81b, 81c, and 81 d divided by the cross shape shade part 8A of the width 2a and length 2b. Here, the gobo 8 has outside 
diameter value rn and the zona-orbicularis shade part 8B of the inside diameter r in an outermost periphery, and length b from the 
starting point (point along which the optic axis AX passes) to the tip of the cross shape shade part 8A is set as the relation of r>b. If 
the inside diameter edge of the zona-orbicularis shade part 8B shall be equivalent to the circle C1 in drawing 2 and outside diameter 
value rn of the zona-orbicularis shade part 8B shall correspond to the effectual overall diameter (namely, maximum-mandibular- 
movements severalN.A.) of pupil EP of projection optical system PL, the ratio of the inside diameter value r of the zona-orbicularis 
shade part 8B, and outside diameter value rn — r/rn is exactly a sigma value of a coherence factor. 

[0022]In the gobo 8 of drawing 4 , the area pellucida 81 e, 81f, 81 g, and 81 h effective in the image formation of the slanting patterns Ta 
and Tb is formed in each point of X of the cross shape shade part 8A, and the direction of Y. In this conventional kind of lighting, 
those four area pellucida 81 e, 81f, 81 g, and 81 h was altogether made into the shade part. When a light source image (surface light 
source) is made to each of these four area pellucida 81e~81h, the side effects that some resolution and depths of focus at the time 
of projection of the vertical pattern Pv or the horizontal pattern Ph are degraded occur. However, since each area (or light volume) of 
the four area pellucida 81 e-81 h is small enough compared with each effective flabellate area pellucida [ 81a-81d ] area (or light 
volume) to the vertical pattern Pv and the horizontal pattern Ph, Projection performance about the vertical pattern Pv or the 
horizontal pattern Ph is not spoiled greatly. 

[0023]it is provided in the relation of each value r (sigma). a, and b of the gobo 8, 0.1 r/sigma<=a <= 0.4 r/sigma, and about 0.4 
r/sigma<=b <= 0.8 r/sigma here. If the value a becomes smaller than 0.1 r/sigma (namely, 0.1 rn), the effect as a modification light 
source will disappear and it will not usually be different from Lighting Sub-Division (a mere round shape or the polygon surface light 
source centering on the optic axis AX) at all. Since it will be made in the place which the center-of-gravity point on each four 
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flabellate area pellucida [ 81a-81d ] area separated from the starting point of the gobo 8 greatly if the value a becomes larger than 
0.4 r/sigma (namely, 0.4rn), Although optimization of the angle of inclination of the illumination light is achieved to the pattern Pv on 
the reticle R, and the thing to which the pitch became more detailed among Ph(s), optimization is not achieved to the pattern in which 
the pitch became coarse rather than it, but the expansion effect of the depth of focus becomes is hard to be acquired. 
[0024]Since the unsuitable surface light source, i.e., area pellucida [ 81e-81h ] area, will increase to resolving of the vertical pattern 
Pv and the horizontal pattern Ph if smaller also about the value b than 0.4 r/sigma. the pattern Pv in every direction and the depth of 
focus at the time of projection of Ph will decrease remarkably. Conversely, if the value b becomes larger than 0.8 r/sigma, the 
improvement effect of the resolution at the time of projection of the slanting patterns Ta and Tb or the depth of focus will diminish. 
[0025]Though small, in the form of the gobo 8 shown in drawing 4 Slanting pattern Ta, The surface light source part effective in the 
image formation of Tb is included, and most central cross shape shade parts 8A are also shading the unsuitable surface light source 
part also not only to the vertical pattern Pv and the horizontal pattern Ph but to the slanting patterns Ta and Tb. for this reason, also 
in the image formation of the slanting patterns Ta and Tb, rather than conventional usual Lighting Sub-Division (it centers on the 
optic axis AX — being mere — circular or the polygon surface light source), it can be markedly alike and high resolution and depth of 
focus can be obtained. 

[0026]Now, drawing 6 shows the form by the 2nd embodiment of the gobo 8, and has attached the same mark to the same portion as 
the composition of the gobo 8 of drawing 4 . Although this example is fundamentally the same as the gobo of drawing 4 , it differs in 
that the circular shade part of radius r c (r c >a) was provided in the center of central cross shape shade part 8A. When the central 
part of the surface light source is covered by a circular shade part, thus, the vertical pattern Pv, About the image formation of the 
horizontal pattern Ph, especially, it becomes less than the case where each area of the effective light source part 81a-81d, i.e., four 
flabellate area pellucida, is drawing 4 , and the rate of each area of the effective light source part 81e-81h, i.e., four area pellucida, 
increases about the image formation of the slanting patterns Ta and Tb relatively. For this reason, the resolution and the depth of 
focus at the time of the image formation of the slanting patterns Ta and Tb are further improvable rather than the case of drawing 4 . 
[0027]The portion newly shaded with the gobo 8 of drawing 6 is a position near the optic axis AX in comparison. 

Although it is effective in improving the depth of focus at the time of the image formation of the vertical pattern Pv of a pitch [ that it 
is slightly coarse (the line width for example, on a wafer is 0.5 micrometers or more) ], and the horizontal pattern Ph, there are not 
not much length of a more detailed pitch, the horizontal pattern Pv, and an effect of improving resolution and the depth of focus to 
Ph. 

Therefore, the L&S pattern on the reticle R which should be carried out projection exposure is restricted to the thing of the 
comparatively detailed pitch, And though it is also small the comparable slanting pattern of the pitch, when it is contained at a 
moderate rate, the length and the horizontal pattern Pv using the gobo 8 of drawing 6 , and the synthetic image formation performance 
of Ph do not deteriorate [ the time of using the gobo 8 of drawing 4 / especially ]. 

[0028]It is provided in the radius r2 of the circular shade part of the center of the gobo 8 of drawing 6 . and about 2<=0.4 r/sigma of 
0.3 r/sigma<=r here, and the conditions of a<r2<b are also considered strictly. If the value of the radius r2 becomes small and is set 
to a>=r2 after all here, in order not to be different from the form of the gobo 8 of drawing 4 at all, the depth-oMocus expansion 
operation at the time of the image formation of the slanting patterns Ta and Tb will decrease a little. Conversely, since the surface 
light source form will approach the zona orbicularis if the value of the radius r2 is enlarged, the depth-of-focus expansion operation 
at the time of length, the horizontal pattern Pv, and the image formation of Ph will decrease. 

[0029]Although drawing 7 shows the form by the 3rd embodiment of the gobo 8 and is fundamentally the same as the form of the 
gobo 8 of drawing 4 , it is the inside of the zona-orbicularis-like shade part 8B of a periphery, and differs in that the very small shade 
parts 8C and 8D which have a corner of 90 degrees in a part of each four flabellate transparent parts 81a~81d were formed. These 
very small shade parts 8C and 8D had edge parallel to each of the X-axis and a Y-axis, only the distance dy has separated them from 
the X-axis in the direction of Y, and only the distance dx has separated a Y-axis and parallel edge from the Y-axis in the direction of 
X. The very small shade parts 8C and 8D in flabellate shade parts [ 81a-81d ] each, It is provided in the furthest portion from each of 
the X-axis and a Y-axis, and the illumination luminous flux from the portion of these shade parts 8C and 8D has the orientation 
characteristic optimized to the thing which has the smallest pitch as the vertical pattern Pv and the horizontal pattern Ph, or the 
slanting pattern of a detailed pitch. For this reason, a depth-of-focus expansion operation is obtained at the time of the image 
formation of the length whose pitch is such the smallest, a horizontal pattern, or a detailed slanting pattern. However, illumination 
luminous flux will act in the direction which decreases the depth of focus rather in the middle from the portion of the shade parts 8C 
and 8D at the time of the image formation of the L&S pattern of the degree of detail of a degree (for example, line width of 0.4-0.5 
micrometer). 

[0030]Therefore, it can be said that the gobo 8 of drawing 7 is suitable for carrying out projection exposure of the reticle R which 
contains the L&S pattern of the degree of detail of a degree middle coarser than it although a detailed pattern in every direction is 
not included in the minimum pitch grade in which theory top image formation is possible with a modification light source system here. 
The distance dx of the edge of the very small shade parts 8C and 8D and dy are provided in dx<r and dy<r here, and if each pitch of 
the vertical pattern on a reticle, a horizontal pattern, and a slanting pattern is almost comparable, they will be further provided in 
dx=dy, so that clearly from drawing 7 . And the position of each flabellate area pellucida [ in the gobo 8 of drawing 7 / 81a-81d ] area 
center-of-gravity point (light volume center-of-gravity point) is not changing so much with a center-of-gravity point position in case 
the very small shade parts 8C and 8D do not exist If X of each edge of the very small shade parts 8C and 8D, the distance dx from a 
Y-axis, and dy are made small, each flabellate area pellucida 81a-81d approaches the rectangle (or square). 

[0031]While drawing 8 makes comparatively small X of each edge of the very small shade parts 8C and 8D, the distance dx from a Y- 
axis, and dy, The form of the gobo 8 at the time of doubling each edge of the cross shape shade part 8A, the zona-orbicularis-like 
shade part 8B, and the very small shade parts 8C and 8D with the sectional shape (here, it is considered as a square) of the element 
lens of the fly eye lens 7 is shown. It is preferred that shade part edge doubles with the sectional shape of an element lens also 
previous drawing 4 , drawing 6 , and in each gobo of 7. the four area pellucida 81e-81h which forms the effective light source portion at 
the time of the image formation of the slanting patterns Ta and Tb in drawing 8 — respectively — being alike — two element lenses 
are located on both sides of the X-axis and a Y-axis. The half the price a of the width of the cross shape shade part 8A is provided in 
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the size for one piece of an element lens, and length b is provided in the size for five pieces. And what removed one element lens of 
the outermost angle from the set of 4x4 element lenses is located in flabellate area pellucida [ 81a-81d ] each. The portion equivalent 
to the very small shade parts 8C and 8D has covered two element lenses, respectively, in the case of the gobo 8 of this figure, the 
four flabellate area pellucida 81 a-81 d and area pellucida 81 e-81 h are not connected like each old embodiment, but are mutually- 
independent — the bottom is a thing. The shade part of the 4x4 same squares (or rectangle) as the size of the aggregate of an 
element lens may be added to the central part so that one element lens located in each innermost angle (corner nearest to the 
starting point) of the four more flabellate area pellucida 81a-81d may be covered. By addition of such a square shade part, the same 
operation as the gobo 8 of the 2nd embodiment shown in previous drawing 6 and an effect can be acquired. In this case, the distance 
from the X-axis of the edge of each neighborhood of a main quadrangle shade part and a Y-axis is provided in the range comparable 
as the radius C of the circular shade part of drawing 6 . 

[0032]The element lens group of the fly eye lens 7 located in flabellate area pellucida [ which was furthermore shown in drawing 8 / 
81a-81d ] each is a symmetric design to the X-axis and a Y-axis altogether. By taking such symmetrical arrangement, the TERESEN 
error (strike slip of an image when a wafer surface shifts from a best focus side slightly) of the projection image of the L&S pattern 
on a reticle becomes that there is nothing. 

[0033]When drawing 4 , drawing 6 - the gobo 8 of eight are used with reference to drawing 9 here, distribution within pupil surface EP 
of the image formation light flux which occurred from the reticle R and entered into projection optical system PL is explained. The 
light volume center-of-gravity points 80A, 80B, 80C, and 80D of four fan-like surface light source parts which drawing 9 is what was 
expressed corresponding to drawing 2 , and were optimized to the length of a predetermined pitch, the horizontal pattern Pv, and Ph, 
The length, the horizontal pattern Pv, and the one typical center-oFgravity point 80E out of four light volume center-of-gravity 
points optimized to slanting pattern Ta of the same pitch as Ph are shown on pupil surface EP. Each of the four center-of-gravity 
points 80A-80D is mostly in agreement with each area center of gravity of the four flabellate area pellucida 81a-81d in each 
embodiment 

The center-of-gravity point 80E is mostly in agreement with the area center-of-gravity point of the area pellucida 81 e. 
First, since the four center-of-gravity points 80A-80D are optimized to the pitch of the target length and a horizontal pattern, For 
example, by the exposure of the illumination light which passes along the center-of-gravity point 80A among the image formation light 
flux from the reticle R, the zero order light generated from length and a horizontal pattern passes along the center-of-gravity point 
80A, and one side of the primary [ **] diffracted light superimposes and passes along each of the X-axis and a Y-axis, and the 
center-of-gravity points 80B and 80D of being located symmetrically. 

[0034]On the other hand, primary [ **] diffracted-light^Dxi (center of gravity of diffracted luminous flux) generated from the vertical 
pattern Pv is distributed on a line parallel to the X-axis through the center-of-gravity point 80E with the illumination light by which 
orientation was carried out so that it may pass along the center-of-gravity point 80E, but. Since the position becomes the outside of 
the overall diameter of pupil surface EP like drawing 9 , the image formation of the vertical pattern Pv is not affected. However, since 
one primary diffracted-light-Dy^ (center of gravity of diffracted luminous flux) generated from the horizontal pattern Ph is distributed 
on the Y-axis in pupil EP, it affects the image formation of the horizontal pattern Ph. Since this primary diffracted-light-Dyi differs in 
the ideal distribution position by the deformation illumination method of the horizontal pattern Ph, it is a light which is not so 
preferred for the image formation of the horizontal pattern Ph. however, the amount of illumination light which makes the center-of- 
gravity point 80E is decided by the area pellucida 81 e of a small area, is markedly boiled compared with the amount of illumination 
light of other four center-of-gravity points 80A-80D, and is small, in the case of drawing 8 , the ratio is decided by the ratio of the 
number of the element lenses of the fly eye lens 7, therefore is not preferred — it is markedly alike, and the light volume of primary 
diffracted-light-Dy! itself is small, and it does not degrade the image formation performance of the horizontal pattern Ph greatly 
practically. 

[0035]Next, distribution of the image formation light flux from slanting pattern Ta (45 degrees) is considered. Here, the diffracted light 
generated from slanting pattern Ta by the exposure of the illumination light (transparent part of the flabellate area pellucida 81b) by 
which orientation was carried out so that it might represent and a zero order light might pass along the center-of-gravity point 80B is 
described. Supposing the pitch of slanting pattern Ta is comparable as length, the horizontal pattern Pv, and the pitch of Ph, primary 
diffracted-light-Dti (center of gravity of diffracted luminous flux) from slanting pattern Ta, the circle top of radius 2yalpha (or 2xbeta) 
centering on the center— of-gravity point 80B — and it is located on the line (135 degrees) which connects the center-of-gravity 
points 80B and 80B through the optic axis AX. Since this primary diffracted-light-Dt^ does not have a zero order light bunch which 
passes along the center-of-gravity point 80B, and a symmetrical relation about the 45-degree line which connects the two center- 
of-gravity points 80A and 80C, it is the light which is not preferred to the image formation of slanting pattern Ta. 
[0036]However, since the area pellucida 81 e is formed in the gobo 8 so that the zero order light from slanting pattern Ta may be 
located in the center-of-gravity point 80E, the circle top of centering on center-of-gravity point 80E radius [' / which was generated 
from slanting pattern Ta by the illumination light from the area pellucida 81 e / primary diffracted-Iight-D^] 2yalpha (or 2xbeta) — 
and it is located on the 135-degree line (parallel to the line which connects the center-of-gravity points 80B and 80D) which passes 
along the center-of-gravity point 80E. The physical relationship of the center-of-gravity point 80E and primary diffracted-light-Dti' is 
almost symmetrical to the 45-degree line (medial axis in the Fourier transform image of slanting pattern Ta) which connects the 
center-of-gravity points 80A and 80C. Therefore, the illumination light from the area pellucida 81 e becomes an effective ingredient to 
the image formation of slanting pattern Ta, and works in the direction which improves the resolution and the depth of focus of a 
slanting pattern. In the case of drawing 9 , primary diffracted-light-Dti' from slanting pattern Ta which makes the center-of-gravity 
point 80E a zero order light is located on about X axes, and the position is approaching the center-of-gravity point (referred to as 
80H) of the illumination light from other area pellucida 81 h for the slanting patterns of the gobo 8 further. Thus, that the center-of- 
gravity point 80H of the area pellucida 81 h is located in the position of primary diffracted-light-Dt-| ' means that slanting pattern Ta is 
illuminated by two illumination luminous flux symmetrically inclined in the pitch direction. 

[0037]If it is comparable on the length which should be carried out projection exposure, the horizontal pattern Pv. Ph, and the reticle 
in which each pitch of the slanting patterns Ta and Tb is one sheet from the above thing, What is necessary is just to arrange ideally 
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each light volume center-of^gravity point of the surface light source part (area pellucida 81e-81h) added to slanting patterns from 
the starting point to the place of the distance of root (xbeta 2 +yalpha 2 ) on the X-axis and a Y-axis. This relation is ideal conditions, 
and actually, even if shifted from that relation a little (for example, 20% - about 30%), as it is, the effect of this invention is acquired. 
[0038] Drawing 10 changes the portion of the fly eye lens 7 which showed the partial composition of an illumination-light study system 
by the 4th embodiment of this invention, and was shown in drawing 3 here into the fly eye lens system of two reams which are 
indicated by JP.H3-78607.B. The illumination light ILa which passed along the collimating lens 4 and the prism 30 in drawing 3 enters 
into the 1st step of fly eye lens 7E like drawing 1 0 . This fly eye lens 7E should bundle every four element lenses in X and the 
direction of Y. The illumination light from each of the point light source image which carried out image formation to the injection end 
of each element lens of the fly eye lens 7E superimposes and irradiates with the whole surface of the entrance plane of the 2nd step 
of fly eye lens 7F via the lens system 25. The 2nd step of fly eye lens 7F is what bundled the element lens in 6x6 arrangement, and 
image formation of the three-dimensional light source image (point light source) is carried out all over the space distant from the 
projection surface of each element lens about several millimeters. In the case of this 2 ream fly eye lens system, to the injection side 
of each element lens of the 2nd step of fly eye lens 7F. Since 4x4 point light source images formed in the projection surface of the 
1st step of fly eye lens 7E are formed, a three-dimensional light source image serves as the surface light source in which the 16x36 
point light sources gathered in two dimensions. 

[0039]Now, in the case of this example, the gobo 8 shown in drawing 4 , drawing 6 - 8 is an injection side of the 2nd step of fly eye 
lens 7F, and is arranged in the field in the space in which a three-dimensional tight source image is formed. Drawing 1 1 shows the 
arrangement relationship of the three-dimensional light source image and each edge of the shade parts 8A (8A') and 8B of the gobo 8 
which were formed in the injection side of the fly eye lens 7F. As shown in drawing 1 1 , 4x4 point light source SP has lined up in X and 
the direction of Y in even pitch mostly at the one element lens's injection side of the fly eye lens 7F. At this time, all of the outside 
edge of the cross shape shade part 8A (8A') or the edge corresponding to the inside diameter circle C1 of the surrounding zona- 
orbicularis-like shade part 8B are crooked according to the pitch of the point light source which forms a three-dimensional light 
source image. That is, as shown in drawing 8 at the time of a single fly eye lens system, the edge of each shade part needed to be 
specified according to the sectional shape of the element lens of a fly eye lens, but there is no such necessity in 2 ream (tandem) fly 
eye lens system, and since the number of the point light sources which form a three-dimensional light source image is boiled 
markedly and is increasing rather than the case of a single fly eye lens system, the average illuminance distribution as the surface 
light source becomes very flat. 

[0040] Drawing 12 as the composition of the illumination system brought near by the 5th embodiment of this invention is shown and it 
is indicated by JP.H4- 22551 4,A here, The surface light source for patterns in every direction located in each of four quadrants by the 
XY coordinate system on the Fourier transformation plane within an illumination system consists of the fly eye lenses 70A, 70B. 70C, 
and 70D which became independent, respectively. And the pyramid prism 26 divides the illumination luminous flux of the zona- 
orbicularis-like distribution from the collimating lens 4 into four light flux, and each is entered into the four fly eye lenses 70A-70D. 
The surface light source for slanting patterns The point 70E of the four optical fibers 90, It constitutes from 70F, 70G, and 70H, and 
the four other end (incidence edge) side of the optical fiber 90 is bundled by one, and a part of illumination light which branched after 
the shutter 19A is condensed by the incidence edge. 

[0041]Since the system which makes the surface light source for slanting patterns from this example is independently with the 
system which makes the surface light source for patterns in every direction, When the slanting pattern does not exist at all on the 
reticle used as a projecting object, into the optical path by the side of the incidence edge of the optical fiber 90, an another shutter 
and dark filter (ND filter) can be inserted, and luminescence of the points 70E-70H can be forbidden, or a light volume fall can be 
carried out substantially. Since the luminescence intensity of the points 70E-70H can be changed by adjustment of the fading rate of 
the ND filter, etc., the optimal light volume can be given according to the rate that a slanting pattern closes among the L&S patterns 
on the reticle R. Therefore, if the operator makes the information about the rate of the slanting pattern on the reticle R the 
composition inputted into the main control unit 20 in drawing 3 , the luminescence intensity of the four points 70E-70H can also be 
automatically adjusted to an optimum value (zero are also included) according to the table which was able to be defined beforehand. 
As shown in drawing 1 2 , the four fly eye lenses 70A-70D, Since the four points 70E-70H are formed independently, according to the 
pitch of the pattern of L&S on the reticle R, each fly eye lens or a point may be made movable to two dimensions or one dimension in 
XY side. In that case, the light volume center-o^gravity point of the surface light source by the side of each injection of the fly eye 
lenses 70A-70D the pitch of an in every direction pattern and slanting pattern is comparable, and is [ fly eye lenses ] four, When 
taking the arrangement corresponding to four corners of the square centering on the optic axis AX in XY side, it is good to make it 
movable by a relation to which the eccentricity from the optic axis AX of the light volume center-of^gravity point of the four fly eye 
lenses 70A-70D and the eccentricity from the optic axis of the light volume center-of^gravity point of the points 70E-70H become 
almost equal. 

[0042]ln the composition of drawing 12 , each of the four fly eye lenses 70A-70D, A diaphragm (gobo) is individually provided in each 
injection side of each fly eye lenses 70A-70D, and it interlocks and may be made to often also as a tandem fly eye lens system 
change each size of the four surface light sources individually like drawing 10 . By the way, in drawing 12 , although the gobo etc. are 
not specially provided between each of the fly eye lenses 70A-70D, when so large that the stray light passing through the space 
between each fly eye lens cannot be disregarded, it is desirable to provide an easy gobo (cross shape). Therefore, if the stray light 
component is small enough, it is not necessary to provide a gobo specially. This is similarly applicable to the gobo 8 shown in previous 
drawing 4 , drawing 6 - 8, and means that it is not necessary to make the cross shape shade parts 8A and 8A, the zona-orbicularis- 
like shade part 8B, etc. into a perfect light shielding layer. For example, each shade part on the gobo 8 may consist of dielectric 
membrane etc. which have a fading rate of not less than 90% in the wavelength (i line 365 nm and a KrF excimer laser 248 nm) of the 
illumination light for exposure. 

[0043]Now, the example of the diaphragm form of the conventional modification light source announced here until now for explanation 
of the following simulations is shown in drawing 13 and 14. Drawing 1 3 is the center position (xbeta, yalpha) optimized by the vertical 
pattern Pv which has a specific pitch, and the horizontal pattern Ph, and an example of the gobo for circular 4 light sources which has 
a suitable radius (it is 0.1-0.3 at a sigma value). Drawing 14 is an example of the larger gobo for flabellate 4 light sources than the 
radius r in which it is considered as a square opening instead of the circular opening of drawing 13 , respectively, and a part of these 
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four surrounding square openings are equivalent to the sigma value of an illumination-light study system. 

[0044]The line of the L&S pattern image acquired as an example at the time of projection of the in-every-direction L&S pattern using 
the light source configuration shown in drawing 14 , and a slanting (45-degree or direction of 135 degree) L&S pattern, or the line 
width size of a space Depth-of-focus DOF to [mum] The simulation result of [mum] is shown in drawing 1 5 . The conditions of a 
simulation are the wavelength lambda here 0.365 of i line [mum] Numerical aperture N.A. by the side of the wafer of projection optical 
system PL 0.50 (the reticle side 0.1), Half the price a of the width of 0.8 (the sigma value of the usual circular surface light source is 
also set to 0.8) and a cross shape shade part was made into 0.28, i.e., a=0.28 r/sigma =0.35r, by numerical aperture conversion by 
making the inside diameter r of the zona-orbicularis-Iike shade part 8B of the gobo 8 into a sigma value (r/r 0 ) (usually with [ in 
Lighting Sub-Division / a= 0 ] no cross shape shade part). The constant value, 1.2/1.7**0.706 as which the value of the depth of 
focus (DOF) is decided by 1.2 micrometers in thickness of the resist which should be carried out a patterning, and its refractive index 
1.7 here from the range (overall width) from which the contrast of a 1:1 line-and-space (last shipment) pattern image will be not less 
than 60% It was considered as the value which deducted [mum]. Characteristic DV1 of the simulation result expressed with the two- 
dot chain line in drawing 1 5 , The depth-of-focus characteristic to length when the conventional gobo of drawing 1 4 is used, and a 
horizontal L&S pattern is shown, and simulation property D01 of a dashed line shows the depth-of-focus characteristic to a slanting 
(45-degree, 135 degrees) L&S pattern when the gobo of drawing 1 4 is used similarly. In the conventional modification light source 
configuration like drawing 1 4 , depth-of-focus characteristic D01 to a slanting pattern results in it being slightly inferior to depth-of- 
focus characteristic DC to a slanting pattern when the usual circular surface light source simulated for comparison is used. In the 
case of the usual circular light source form, it is set to depth-of-focus characteristic DC also to any of length, width, and a slanting 
pattern. 

[0045] Drawing 1 6 shows the simulation result of the depth-of-focus characteristic when the gobo 8 by the 1st embodiment ( drawing 
4) of this invention is used. At this time, the half the price a of the width of the cross shape shade part 8A in drawing 4 w as provided 
in a=0.28r 0 =0.35r, and the half the price b of length set it to b=0.56r 0 =0.7r, and it made the exposure wavelength lambda, N.A., and 
sigma the same as the case of drawing 1 5 . Although depth-of-focus characteristic DV2 in the L&S pattern of 1:1 in every direction in 
this condition is slightly inferior to characteristic DV1 by the conventional modification light source ( drawing 1 4 ) in drawing 1 5 , On the 
other hand, the top [ DC / when the usual circular surface light source is used / depth-of-focus characteristic ] is turning around 
depth-of-focus characteristic D02 to a slanting L&S pattern, and the effect of this invention is checked. There is enough depth-of- 
focus characteristic DV2 to a pattern in every direction, and the capability which a modification light source has intrinsically is not 
spoiled. Although the half the price a of the width of a cross shape shade part and half the price b of length were made into a=0.28rrj 
(0.28 time of numerical aperture N.A. of a projection optical system), and b=0.56rQ (0.56 time of numerical aperture N.A.) in this 
simulation, respectively, As these values are not limited to it and described previously, the value a should just be a 0.1r 0 (0.1 and N.A) 
<= a <= 0.4r 0 (0.4 and N.A.) grade, About the value b, it is 0.4r 0 (0.4 and N.A) <=b< 0.8r 0 (0.8 and N.A.). If it is a grade, the effect of this 
invention can be acquired. However, the maximum of the value b needs to be b<r to the value of the radius r. 

[0046] Drawing 1 7 shows the simulation result of the depth-of-focus characteristic when the gobo 8 by the 2nd embodiment ( drawing 
6) of this invention is used. At this time, the gobo 8 is what combined the cross shape shade part and the center circle form shade 
part as it was shown in drawing 6 , A simulation condition the half the price a of the width of 0.7 and a cross shape shade part by 
sigma value (r/rrj) conversion for the inside diameter r of 0.50 and the zona-orbicularis-Iike shade part 8B of the periphery of the 
gobo 8 0.28r 0 , [ the exposure wavelength lambda ] [ wafer side numerical aperture N.A. of 0.365 micrometer (i line) and projection 
optical system PL ] The radius c of 0.56rrj and a center circle form shade part was made into 0.46ro for the half the price b of length, 
like the simulation result of drawing 17 , compared with depth-of-focus characteristic DC in the conventional usual circular surface 
light source (sigma=0.7), depth-of-focus characteristic D03 of a slanting L&S pattern is boiled markedly, and it improves. 
And depth-of-focus characteristic DV3 to length and a horizontal L&S pattern has a value big enough. 

[0047]Although the value of the radius c of a center circle form shade part was made into 0.46 r/sigma in the simulation here, the half 
the price a and b of the above-mentioned [ this ] — similarly it is not necessarily limited to 0.46 r/sigma — if it is a 0.3 r/sigma (0.3 
and N.A.) <c< 0.6 r/sigma (0.6 and NA) grade, the effect of this invention can fully be acquired. However, since the gobo 8 of drawing 
6_will serve as the same form as the gobo of drawing 4 if the value of the radius c is too small, the improvement factor of the depth 
of focus about a slanting pattern will decrease a little. That is, characteristic D03 in drawing 17 becomes like characteristic D02 in 
drawing 16 . If the value of the radius c is not much large, in depth-of-focus characteristic DV3 to a L&S pattern in every direction, 
the portion to which the depth of focus that pattern size is seen near 0.45 micrometer becomes large especially stops existing, and it 
is not desirable too in order to approach zona-orbicularis Lighting Sub-Division (after-mentioned). 

[0048] Drawing 1 8 shows a simulation result when the gobo 8 by the 3rd embodiment ( drawing 7 ) of this invention is used. The 
simulation condition in this case the sigma value (r/r 0 ) which is a maximum radius of 0.50 and the surface light source about 
numerical aperture N.A. of a projection optical system Each size of 0.8 and the cross-joint shade part 8A, Distance d to 0.28r 0 , 0.56r 0 , 
and the minute protection from light 8C and 8D of the circumference was made into 0.64r 0 for the half the price a and the half the 
price b, respectively. If the simulation result of this drawing 1 8 is compared with the simulation result shown in above-mentioned 
drawing 1 6 . depth-of-focus characteristic D04 about a slanting pattern when the gobo 8 of drawing 7 is used, Being improved to the 
same extent as depth-of-focus characteristic D03 ( drawing 17 ) when the gobo of depth-of-focus characteristic D02 (drawing 16) 
when the gobo 8 of drawing 4 is used, or drawing 6 is used. It turns out especially among L&S patterns in every direction that the 
depth of focus is improved like depth-of-focus characteristic DV4 also about the pattern of the degree of detail of the degree of 
middle with a linewidth of about 0.45 micrometer. 

[0049]The value of the edge distance d of the minute shade parts 8C and 8D in the gobo of drawing 7 is not necessarily limited to 
0.64r 0 , either, and should just be a range about 0.5r 0 <d<0.8r 0 . However, when the distance d is not much small, the resolution to a 
pattern in every direction will fall, and if not much large, an effect will not appear. Then, a center circle form shade part like drawing 6 
which shades further the neighborhood of an optic axis of the gobo 8 shown in drawing 7 , or a quadrangle shade part may be added. 
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[0050] Drawing 19 shows the same simulation result in zona-orbicularis Lighting Sub-Division for comparison. The conditions at this 
time consider the zona-orbicularis-like surface light source which made the shade part the center circle form part which is equivalent 
to the radius (sigma=0.35) of that half among the circular surface light sources of the radius which sets the exposure wavelength 
lambda to 0.365 micrometer, and is equivalent to 0.7 and N.A. (sigma=0.7). At depth-oFfocus characteristic DA to the L&S pattern 
obtained with such zona-orbicularis Lighting Sub-Division, the depth of focus of about about 1.5 micrometers is obtained by width . 
about a coarse pattern with a line (or space) width of 0.42 micrometers or more. In depth-of-focus characteristic DC at the time of 
the conventional circular surface light source, the actual condition is that 1 micrometer cannot be found, either. However, considering 
the time of exposure of a actual memory pattern, the especially big depth of focus in the exposure process of a metallic wiring layer 
is required, for example, the depth of focus of not less than 2 micrometers is needed by width to a L&S pattern with a line width of 
about 0.45 micrometer by 64MDRAMs. Therefore, it is difficult like drawing 1 9 t o fill this demand with depth-of-focus characteristic 
DA obtained with zona-orbicularis Lighting Sub-Division. Since that especially the depth of focus is needed also by the exposure 
process of an above-mentioned metallic wiring layer is the length and the horizontal L&S pattern which are formed in the level 
difference (about 1 micrometer) part, a modification light source configuration like this invention is very effective. 
[0051] Although i line shall be used by using a light source as a mercury lamp into an embodiment, this may be other wavelength or 
may be light sources, such as laser. Although numerical aperture N.A. of the projection optical system was set to 0.5 and the radius r 
of the greatest surface light source made with a gobo was set to 0.7 or 0.8 by the sigma value on condition of the simulation, 
numerical aperture N.A. and a sigma value are not limited to this. However, about a sigma value, more than [ about 0.7 ] are effective. 
Although the outermost form of a light source configuration shall be restricted by the circle (sigma) specified with the inside diameter 
edge of the zona-orbicularis shade part 8B of the gobo 8, a quadrangle, a hexagon, etc. may prescribe the outermost form. Although 
shade part form of the gobo 8 in each embodiment was furthermore made into the shape of isomorphism (symmetric figure) about the 
direction of X, and the direction of Y, the form may differ in the direction of X, and the direction of Y. That is, the direction of X may 
differ in the value of the distance c from the center of each edge at the time of providing a quadrangle shade part in the dimension 
value a, b, and d or center of each shade part from the direction of Y. 

[0052]In a actual illumination system, the luminous energy distribution of the projection surface of a fly eye lens serves as a discrete 
set of the point light source discretely according to the arrangement of each element lens of a fly eye lens. At this time, each 
intervals of the discrete point light source also differ that the sectional shape of each element lens is a rectangle in X and the 
direction of Y. Then, in order to arrange effectual Lighting Sub-Division conditions (orientation characteristic of the illumination light 
to a reticle) in X and the direction of Y, it may be necessary to change positively the dimension value a, b, and c of each shade part, 
and the value of d in X and the direction of Y. In order to centralize the illumination light efficiently to each transparent parts 81a- 
81 d, 81e-81h of the gobo 8 used in each embodiment of this invention and to reduce a light volume loss, it is good to establish the 
condensing means (prism, a mirror, a fiber, etc.) on which those transparent parts are made to concentrate the illumination light in 
front of the gobo 8. Although the gobo 8 of each embodiment presupposed that a transparent part and a shade part are comprised, it 
is still better also considering a part or all of shade parts as a semi transmission part (trans mi ssivity is 50% or less desirably), 
moreover — preparing for the turret 10 of drawing 3 t wo or more gobos 8 which had the form which can respond to them by the 
process of exposing since the required depth of focus and importance of a pattern in every direction and a slanting pattern differed 
from each other — exchange — the thing it is supposed that it is usable is desirable. Although the reticle to be used was made into 
the usual reticle which comprises a shade part (chromium layer) and a transparent part in the simulation, If this invention is used at 
the time of projection of the so-called reticle of a halftone phase shift (halftone transparent part (thin film) from which only pi 
makes phase between lights which have transmissivity of about 1 to 15% instead of shade part, and pass along transparent part differ 
is provided) system, the effect of this invention can be heightened further. 

[0053]The gobo 8 shown in each embodiment is acting on an improvement of the depth of focus good at the time of about 0.4-0.5 
micrometer for which the line width on the pattern Pv in every direction and the wafer of Ph is used at the time of 64 M-DRAM 
manufacture so that clearly from each above simulation result. And the improvement effect of the depth of focus is simultaneously 
acquired also about the slanting patterns Ta and Tb. However, if the depth of focus in the same line width size is measured by the 
pattern in every direction and a slanting pattern, to be sure, the depth of focus in the direction of a slanting pattern is not so large. 
However, the pitch (line width size) of the pattern in every direction within the reticle of one sheet is received, When the pitch (line 
width size) of a slanting pattern is coarser about 1.2 to 1.5 times, for example line width size is 0.42 micrometer in characteristic DV3 
to the pattern in every direction in drawing 1 7 , About 2 micrometers of depths of focus in line width size 0.63micrometer in 
characteristic D03 [ as opposed to / that it is the 1.5 times (0.63 micrometer) the line width size of a slanting pattern of this / a 
slanting pattern ] will be obtained. 

[0054]By the way, when the four light volume center-of-gravity points (center-of-gravity point of a zero order light) 80A-80D 
optimized to the pitch of the target pattern in every direction are located in each square angle within pupil EP of projection optical 
system PL so that clearly from previous drawing 9 , When the pitch of the target slanting pattern is about 1.4 times of the pitch of a 
pattern in every direction, the light volume center-of-gravity point 80E of the illumination light added auxiliary to slanting patterns is 
ideally in agreement with the intersection of the line segment and Y-axis which connect the two center-of-gravity points 80A and 
80B. 

[0055] Drawing 20 shows signs that each light volume center-of-gravity point has been arranged by the almost ideal relation, when the 
pitch relation [ about 1.4 times ] between a pattern in every direction and a slanting pattern is above. The zero order light and the 
primary diffracted light which are distributed over pupil EP in this drawing 20 shall have breadth in the surroundings of each center- 
of-gravity point in a predetermined size. Originally, although it is in agreement with the form of the surface light sources, such as the 
area pellucida 81a-81d, 81e-81h of the gobo 8, the form (field) of the breadth is only circular here, and is expressed. 
[0056]primary diffracted-light-Dtj corresponding to each of four zero order lights (center-of-gravity points 80A-80D) which are 
generated from a slanting pattern (45 degrees, 1 35 degrees) in the case of drawing 20 — pupil EP — it superimposes and passes 
along a center mostly. Primary diffracted-light-D^ ' from the slanting pattern which passes along the center-oFgravity point 80E as a 
zero order light passes along the congruous positions near [ each ] the center-of-gravity points 80H and 80F of the source of a fill-in 
flash for slanting patterns. Simultaneously, primary diffracted-light-Dyj from the horizontal pattern which passes along the center-of- 
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gravity point 80E as a zero order light passes along the congruous positions near the center-of-gravity point 80G of the source of a 
fill-in flash for slanting patterns. 

[0057]The four primary diffracted lights to which the ingredient which reduces the depth-of-focus expansion effect over a slanting 
pattern when a modification light source is used among distribution of such a zero order light and the primary diffracted light appears 
in the center of pupil EP - It is Dt^ So, at the time of such conditions, it is good to arrange a dark filter (ND filter) only in the center 
section of the pupil EP of a projection optical system, and to attenuate four light volume of primary diffracted-light-D^ moderately. 
[0058]The arrangement relationship of the circular area which makes the four light volume center-of-gravity points 80A-80D for the 
patterns in every direction in drawing 20 , and the small circular area which makes the four light volume center-oFgravity points 80E- 
80H for slanting patterns becomes the area-pellucida form of the gobo 8 for modification light sources and similarity which are 
provided in an illumination system as it is. Therefore, as the gobo 8, the thing of the form which made transparent four big circular 
areas in drawing 20 and four small circular areas can be used as it is. 
[0059] 

[Effect of the Invention]As mentioned above, according to this invention, degradation of the image formation performance to the 
slanting pattern made into the problem with the modification light source until now, especially a depth-oMocus improvement factor 
can be prevented, and the almost same performance as the conventional modification light source can be obtained also about a 
pattern in every direction. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The perspective view of an illumination system with the modification light source used as the foundation of this invention. 

[Drawing 2] The figure showing the theoretic form of the modification light source by this invention. 

[Drawing 3] The figure showing the entire configuration of the projection aligner as an embodiment of this invention. 

[Drawing 4] The figure showing the form of the gobo for modification light sources by the 1st embodiment. 

[Drawing 5] The figure showing an example of the period directions of the L&S pattern on a reticle. 

[Drawing 6] The figure showing the form of the gobo for modification light sources by the 2nd embodiment. 

[Drawing 7] The figure showing the form of the gobo for modification light sources by the 3rd embodiment. 

[Drawing 8] The figure showing an example of the arrangement relationship of the form of the gobo of drawing 7 , and a fly eye lens. 
[Drawing 9] The figure showing typically the luminous flux distribution in the pupil surface of a projection optical system when the 
modification light source shown in each embodiment is used. 

[Drawing 10] The figure showing the composition of a part of illumination system by the 4th embodiment. 
[Drawing 11] The figure showing the form of the suitable gobo for the illumination system of drawing 1 0 . 
[Drawing 1 2] The figure showing the composition of a part of illumination system by the 5th embodiment. 
[Drawing 1 3] The figure showing the form of the gobo for the conventional modification light sources. 
[Drawing 1 4] The figure showing the form of the gobo for the conventional modification light sources. 

[Drawing 1 5] The graph which shows the simulation result of the depth-of-focus characteristic when the gobo of drawing 14 is used. 
[Drawing 16] The graph which shows the simulation result of the depth-oMocus characteristic when the gobo of drawing 4 is used. 
[Drawing 17] The graph which shows the simulation result of the depth-of-focus characteristic when the gobo of drawing 6 is used. 
[Drawing 18] The graph which shows the simulation result of the depth-of-focus characteristic when the gobo of drawing 7 is used. 
[Drawing 19] The graph which shows the simulation result of the depth-of-focus characteristic when zona-orbicularis Lighting Sub- 
Division is performed. 

[Drawing 20] The figure showing typically the luminous flux distribution in the pupil surface of a projection optical system when the 
modification light source by this invention is used. 
[Explanations of letters or numerals] 

I .... Mercury lamp 

7, 7A-7F and 70A-70D .... Fly eye lens 
70E-70H .... Optical fiber tip 
8 .... Gobo 

I I .... Condenser lens 
R .... Reticle 

PI Projection optical system 

W .... Wafer 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 5] 
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[Drawing 6] 




[Drawing 7] 
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[Drawing 1 1] 




[Drawing 1 4] 
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[Drawing 17] 
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[Drawing 20] 
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[Written Amendment] 

[Filing date]Heisei 11(1999) December 20 (1999.12.20) 
[Amendment 1] 

[Document to be Amended]Description 
[Item(s) to be Amended]Title of invention 
[Method of Amendment]Change 
[Proposed Amendment] 

[Title of the Invention]A projection aligner and a method 
[Amendment 2] 

[Document to be Amended]Description 
[!tem(s) to be Amended]Claims 
[Method of Amendment] Change 
[Proposed Amendment] 
[Claim(s)] 

[Claim 1]ln a projection aligner provided with an illumination system which illuminates a mask in which a pattern which should be 
projected was formed, and a projection optical system which projects an image of said pattern on a sensitized substrate, 
Said illumination system contains an illumination-light study system which has a field which serves as a relation of the Fourier 
transform optically to a pattern surface side of said mask inside, and a light distribution setting-out means to distribute illumination 
light in a predetermined radius centering on an optic axis on said Fourier transformation plane or its nearby surface, 
A projection aligner, wherein said light distribution setting-out means distributes said illumination light over two or more discrete fields 
except the central part by the inside of a field of the shape of said zona orbicularis while distributing said illumination light in a field of 
the shape of zona orbicularis of specified width centering on said optic axis. 

[Claim 2]The projection aligner according to claim 1 dividing by a rectangular coordinate system characterized by comprising the 
following which said two or more fields make said optic axis the starting point including the 2nd element, and is specified 
corresponding to said 2-way. 

The 1 st element that has periodicity in a 2-way a 2-way and said pattern cross at right angles mutually, respectively. 
It is periodicity to a direction which intersects said 2-way. 
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[Claim 3]If width of r 0 and said cross-joint field is set to 2xa and length is set to 2xb, a radius of a pupil surface of said projection 
optical system which said two or more fields were divided in a cross-joint field specified on said rectangular coordinate system 
centering on said optic axis, and was seen on said Fourier transformation plane, 0. The projection aligner according to claim 2 filling 
1r 0 <=a<=0.4r 0 and 0.4r 0 <=b<=0.8r 0 . 

[Claim 4]The projection aligner according to any one of claims 1 to 3 which will be characterized by the radius r2 of said central part 
filling 0.3ro<=r2 <=0.4r 0 if said central part is circular and a radius of a pupil surface of said projection optical system seen on said 
Fourier transformation plane is made into rp. 

[Claim 5]If a radius of a pupil surface of said projection optical system which said illumination light was distributed in said two or more 
fields in addition to a part of outer edge section, respectively, and was seen on said Fourier transformation plane is made into rrj, said 
light distribution setting-out means, The projection aligner according to any one of claims 1 to 4, wherein the distance d with an axis 
of coordinates of said rectangular coordinate system fills 0.5r 0 <d<0.8r 0 said a part of outer edge section. 

[Claim 6]A light source which generates illumination light with which a mask is irradiated, and an illumination-light study system which 
forms a secondary light source of said light source in a Fourier transformation plane which serves as a relation of the Fourier 
transform optically to a pattern surface side of said mask, or its nearby surface, In a projection aligner provided with a projection 
optical system which enters light from a pattern of said mask irradiated by illumination light from said illumination-light study system, 
and projects an image of said pattern on a sensitized substrate, 

The 1 st element that has periodicity in a 2-way a 2-way and said pattern cross at right angles mutually, respectively, When there are 
more rates that have the 2nd element that has periodicity in the direction which intersects said 2-way, and said 1st element occupies 
on said mask than a rate that said 2nd element occupies, While setting the 1st surface of light source as each of four fields which 
carries out eccentricity and is mutually located symmetrically from an optic axis of said illumination-light study system on said 
Fourier transformation plane or its nearby surface make oblique illumination light corresponding to period directions of said 1st 
element So that oblique illumination light corresponding to period directions of said 2nd element may be made Said Fourier 
transformation plane, Or a projection aligner having had a setting-out component which sets the 2nd surface of light source as each 
of four fields which carries out eccentricity and is mutually located symmetrically from an optic axis of said illumination-light study 
system on the nearby surface, and making area of said 1 st surface of light source larger than area of said 2nd surface of light source. 
[Claim 7]The projection aligner according to claim 6, wherein said setting-out component specifies said 1st and 2nd surfaces of light 
source with a gobo or a semi transmission board arranged in a Fourier transformation plane of said illumination-light study system, or 
its nearby surface. 

[Claim 8]While entering a projection optical system which projects a pattern including the 1st element that has periodicity in a 2-way 
which intersects perpendicularly on a mask, and the 2nd element that has periodicity in the different direction from said 2-way on a 
sensitized substrate, and light from a light source and forming the surface light source, In a projection aligner provided with an 
illumination-light study system on which light from each point within said surface light source is made to superimpose on said mask, 
A projection aligner having had a gobo characterized by comprising the following and changing said 1st transparent part and said 2nd 
transparent part in the area according to importance of said 1 st and 2nd elements. 

The 1st transparent part of four quadrants specified with said two axes of coordinates when setting up two axes of coordinates 
corresponding to said 2-way by making the center of said surface light source into the starting point that is alike, respectively and is 
mostly formed with an identical area. 

The 2nd transparent part mostly formed in each four on said two axes of coordinates with an identical area at the equal distance from 
said starting point. 

[Claim 9]The projection aligner according to claim 8 with which said gobo is characterized by being a semi transmission part except 
said 1st and 2nd transparent parts. 

[Claim 10]The projection aligner according to claim 8 or 9 having further a dark filter which attenuates light volume of the diffracted 
light which occurs from said 2nd element and is distributed over a center section of the pupil surface of said projection optical 
system. 

[Claim 1 1]In a projection aligner provided with a projection optical system which projects a pattern of a mask on a sensitized 
substrate, and an illumination-light study system which enters light from a light source, forms the surface light source in an optical 
Fourier transformation plane to said mask, or its nearby surface, and irradiates said mask with light from said surface light source, 
When r and a coherence factor of said surface light source are made into a sigma value for a radius of a circle which defined the 
rectangular coordinate system XY by having made the center of said surface light source into the starting point, and was 
approximated to an outside of said surface light source, The coefficients a and b, respectively as 0.1 r/sigma<=a <=0.4 r/sigma and 
0.4 r/sigma<=b <=0.8 r/sigma, A projection aligner providing a light- intensity-distribution adjusting member which makes light intensity 
with inside of a field of -a<=X<=a, the inside of a field of -b<=Y<=b and -a<=Y<=a, and -b<=X<=b smaller than other fields on said 
surface light source, or is set to about 0. 

[Claim 12]The projection aligner according to claim 1 1 when the coefficient c is made into 0.3 r/sigma<=c <=0.6 r/sigma, wherein said 
light-intensity-distribution adjusting member makes light intensity in a field of X 2 +Y 2 <=c 2 smaller than other fields or sets it to about 
0 on said surface light source. 

[Claim 13]When said illumination-light study system is constituted so that image, formation of the starting point of said surface light 
source may be carried out to the center of a pupil surface of said projection optical system, and a radius on said surface light source 
of an effectual pupil diameter of said projection optical system is made into rg, The projection aligner according to claim 11 or 12 
making or more into 0.7 said sigma value which is ratio r/rn with the radius r of said surface light source. 

[Claim 14]The projection aligner according to any one of claims 1 to 13, wherein said pattern is formed by transparent part and a 
halMone transparent part. 

[Claim 15]In a projection exposure method which projects a pattern image of said mask on a sensitized substrate via a projection 
optical system while irradiating a mask with illumination light through an illumination-light study system, 
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While distributing said illumination light in a field of the shape of zona orbicularis of specified width centering on an optic axis on a 
field which serves as a relation of the Fourier transform optically to a pattern surface side of said mask within said illumination-light 
study system, or its nearby surface, A projection exposure method distributing said illumination light over two or more discrete fields 
except the central part by the inside of a field of the shape of said zona orbicularis. 

[Claim 16]In a projection exposure method which projects a pattern image of said mask on a sensitized substrate via a projection 
optical system while irradiating a mask with illumination light through an illumination-light study system, 

An optical Fourier transformation plane to a pattern surface side of said mask in said illumination-light study system when irradiating 
a pattern characterized by comprising the following, Or the 1 st field set as each of four quadrants specified according to a 
rectangular coordinate system corresponding to said 2-way which makes an optic axis the starting point on the nearby surface, And a 
projection exposure method characterized by changing said 1st field and said 2nd field in the area according to importance of said 1st 
and 2nd elements while lessening light volume except the 2nd field mostly set up on an axis of coordinates of said rectangular 
coordinate system at the equal distance from said starting point or making it about 0. 

The 1st element that has periodicity in a 2-way which intersects said illumination light perpendicularly on said mask. 
The 2nd element that has periodicity in the different direction from said 2-way. 

[Claim 17]In a projection exposure method which projects a pattern image of said mask on a sensitized substrate via a projection 
optical system while irradiating a mask with illumination light through an illumination-light study system, 

An optical Fourier transformation plane to a pattern surface side of said mask in said illumination-light study system, Or when r and a 
coherence factor of said surface light source are made into a sigma value for a radius of a circle which defined the rectangular 
coordinate system XY by having made into the starting point the center of the surface light source formed in the nearby surface, and 
was approximated to an outside of said surface light source, The coefficients a and b, respectively as 0.1 r/sigma<=a <=0.4 r/sigma 
and 0.4 r/sigma<=b <=0.8 r/sigma, A projection exposure method making light volume with inside of a field of -a<=X<=a, the inside of a 
field of -b<=Y<=b and -a<=Y<=a, and -b<=X<=b smaller than other fields on said surface light source, or making it about 0. 
[Claim 18]The projection exposure method according to claim 17 by which making light intensity in a field of X 2 +Y 2 <=c 2 smaller than 
other fields on said surface light source by making the coefficient c into 0.3 r/sigma<=c <=0.6 r/sigma, or being referred to as about 
0. * 

[Claim 19]The projection exposure method according to any one of claims 1 to 18, wherein said mask is a halftone phase shift mask. 
[Claim 20]In a projection exposure method which projects a pattern image of said mask on a sensitized substrate via a projection 
optical system while irradiating a mask with illumination light through an illumination-light study system. 
When irradiating a halftone phase shift mask including the 1st element that has periodicity in a 2-way which intersects said 
illumination light perpendicularly, and the 2nd element that has periodicity in the different direction from said 2-way, An optical 
Fourier transformation plane to a pattern surface side of said mask in said illumination-light study system, Or the 1st field set as each 
of four quadrants specified according to a rectangular coordinate system corresponding to said 2^way which makes an optic axis the 
starting point on the nearby surface, And a projection exposure method lessening the light volume except two or more 2nd fields 
mostly set as the equal distance from said starting point corresponding to said 2nd element, or making it about 0. 



[Translation done.] 
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[sou is+9fi>±0fflmww'-yktt£&*>n 

WX. at-U>Z7 777-oi&tfQ ■ 8~0. 64 
WRHfelMtf«a3lfi«f:L. <?<1A>*0. 6 4J3lT<OBf? 
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%b . I5E7-U x£&ffl±, t>L< (i^t05fi«ffi±T- 

4>k L^^^O^^«»^fiEMBJ7t^^^ 
•£4 k k fc t, BMMHJ^i^lTO04M>«fcllft<K 

#ak-ri.fi^s^g. 

ymtti Lxx&mz?- y x.$m(r>m&t%&mm 

tCflffie3fe»02»:3feS*^ii><xS!iB^^k . tKRIQ 
Wi^Xy^cOJ^-y^K^ZW^th 22ri6j<^* 

lizmm&znomiw-yffiit. WL2-ma&* 
Btfzzn. mi-?x?±xm§s%iw-ymtcoi 

nhl9l^m^2 w?-ym&l#>lWl&£ 9 i> 
%\^b%. sirism i *w - va^0«JHtt<3#i«!ifc 

nr. ti<ii*w&m±ximmBffi,¥%nmifrt> 
m%&?zimfcLx^\^zftwbiz&w^h4^v>ffl& 

mmm2wf-yBR<7)mim<o-fimzni£i,tzm\ 
mwtzm *oiz. me 7 - y xsawB, t, u < m 
nmm±x'mmm.¥%e>mfrt>i s Ji%Mmm'b 

LXK\>Hzjttfmtz®m3-& A-ortffl&Tyfr* cm 2 <r> 

mm ^iss-r s m 2 roam bzmt, m&$i<v>t 

4 74 VyXZis*-. WC7y4T4VyX<m\fflMlZ 

tt^?mt:m.it:ztimt??>ftmm3mz 
um^5] vz?±x-m£ti>2i)mzmmt : s:i» 

iXMtfLZtLizmiW-ymib. HiPMatti 
fcJffitBtt* \>r>%2 <nn9 - yfflkb &gsx&BLk£& 



mm-fiimx&Jhb. %M*>hcD%:*\%Lxm%. 

^<n^&Wz'&&%tih±* Z<r)%m&ZWf$Lth 
VvAT-WsyXb. WV'J^TAVyXl.zS.hfflm 

*?±-caa$-tt4*3fet^k SflttfefttMEftSI 

3fr|6]C9 0 t>5VH^13c-tS 2 ^fiO** fcfcfjSE Lfc 2 o 

m>b. mm^h\vsmm<mmrmu2^<r>m 

2<rmmb*^hm&imil7y474vyxa) 

itSMBcuau friemi^^->-^«km2^^-y 
ossietcfc t xmmitmm 1 ?>i&»k g 

2^5iJiai:<0liffl(*JKri9*fei k 

gftga. 

t. ? tzttt&x&m 7 - y xsa«H. t l < \t%om. 

»S3^afcfeV^T. 

Htrfe®3tj!S<04"DSrJI.*k LT«Dfc!fflURXYfcJi», 

<nah-uyx77 ? afebltzb* . ffifta. 

O.lr/tfSag 0.4r/a , 0.4r/ 
fl^b^ 0.8r/okLT, «riSffi3ffi!xT'-a£X£ 
a, i^-b^YSbJOS^rti-a^a, *>-7- 
b ^ X ^ b offittrt k tf0£^«Sr<i!lO^tSJ: *) t>^S < 

ft^; k zmLb-tzmmTrnw. 

0.3r/ff^cS 0.6r/ffk t?tk#, MBH3KS± 
fc/hS<t**». l>l<l±im9bt&Zb£mib-r 

h mesas 6 iifciea^gB. 
§zm%&mmm<r)*Mzmm& J: a icanasfi. 

r 0 kL^k#. HEBBKBO^rfcOJtr/ro T 

o. 7ja±tLfcik*«fai:fiii*ia 
^6iix(im7ii<ov^-m*»i«t=iBsa<osia 

[0001 ] 

^ - y vmit&mzm ztihtm 
Eimmzmi, mzwf?K$ w-y<w&&ztifz 
•7X9 (Dfflmrnizx$:zmLtzm%mw. 
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[0002] 

WCtt. Sft. 6 4MD-RAM«^tf>58ll»£8» 

- ><7)tmmm;^*+ft%mg.T'm£-t& tub 

fc. ^*J:0«^^I*A J *l^nTV^|)„ *<D3*>. 

(OTL&St-TS) Oiat, &Mrii|fc:JMBttfci 

L-T , «M¥4 - 1 0 8 6 1 2#£«, » 
H¥4 - 2 2 5 5 1 4 ^&$B^04 3 ttBIKft&ffitfll 

[0003] ZOMMi&tWM. ®&Bftt^$ L&S 
WTi£T»4»« L fctftBKr^ V - y Sr+tfftMA 

[ 0 0 0 4 ] H 1 14, JJB^«*dB*3*tfcS»*affl 

II 2 T'RIt t fcJRPWfc I L a {4SfS 2 3 T'-giRflX 

aUfcAlffS. HRKHl«J:5fc*PM2k*«5 
1 fc 4 k . mSt I L a^Sffffl(4t» 

* (K~*-vtt> mmit*i>i. 

5S9l6«8Citt*. 5g3tK8±^f4^tilAX*^#ffifi 
<0ffiSfc:4o<?)BBP**Stt'9<t, i<0R|P^ / ?fc{47 
54741^X7 A, 7B» 7C, 7 D^tt^S. 
CIilA>77-f 74 W-yX7A~7D£>j*c*05Altmi4, 

7 7-f r>r i^yX7A~7Do*'*«*fajfflat{4, 
**>7 5 4 7-f u yxrtox \s*yyv yX<nWtfi 
it. #«5yriojaB^*W^3;h.4. ffi-)T. 7 

5^7^^yX7A~7D *)«tajfflfc (4 2 

(Beta) 

[00 0 5] #77^7^1/yX7A~7D^H 
<7)gS B J3t{4. rjyryt-^yX#$:^OjS*7- , Jx^ 

-sterna LT!$st$*u>. i/f^/i'Rw^-yii 

PAO+'WC3t$SAX*^i5J:at, )VR*mW. 
U •e^+'Q^ffi^XYOJOfc U:k#, L&S# 



OUf-?;^^-y(4, £<<0*§-£\ X^fattf.y?-* 
i>OL&S/^-y PvtY^T(6]th-'y 

-ffcfc-fc. ^^-yflOSPArttttxs-mfcY* 

[0006] L&S^-yPv, Ph^X. Y^[6]C7) 
hi>V>bt&b, 7yJ74UyX7 A—7DCD$:4<7) 

y<o«/ht y f' k -mmm&x'm . minh 

&S/^-yPhC7)Y^-[B](7)gyiNh-7 ; ?-5rGy (u 
m) , fSTOI LaCDifcHSrA (um) , 3>fVt- 

yyxi ifrhv^-tivRtX'O&n.. -f 

gtSr f (mm) k L, L&S^-yPhA^&frf 5 
lftEiftftOEifT^ (0}J3t*^OftS) £20y (r 

ad) k Lfcfc£, ipg-fl> lOOT7-f T-fWyXW 

Y#|6lOffiM>4yart4, sin20y = A/Gy, ya = f 
• sin ^ yMJBTR^tStfcSfLi J: -3 KSfeftfcil*. 
[0007] L&S/N'^-yPvOX^faOft 

/jNt'yf-S-Gx Urn) kU L&SA7-yPvA>i 
1 <WHJf3l6«)EI*fft* 2ffx(rad)afc 

k#, ms-rhimyyJTAvyxwftfiwm'k 

Mx/3{4, sin2(9x= A/Gx, x/3 = fsin dxtfli 

s^-y<r>oh. xMz^^f-i^ti^-yp 
wmmmmwi.. 7-vx.$zwm±x'xijmzm. 

mz®<k Ltz2 ttXM&V^T (77^7Ml^yX7A 
t7D, ^^475^ T-f WyX7Bt7C) *>£><7)iS 

«Bsra3bww-L. Y^tt-yf-Sr^rrsA^-yp 

h cos@j)l«tfe»fc:{4, 7- 'J xSHMfi±TY}p|6ifcHH; 
WtcflK» Lfc 2 Wm&<r>*<7 {7 7474VyXl A 
t7B, S^(477-^r^l^yX7Ci:7D) *^c7)fS 

[0 008] M. 01t*5V^TSI2«i4i3fc{4S3K<OS 

ft. ^2^3{475^f T-f ^yX7A~7D<^«^ 
WajffiM{c^«$n5 2»3lfi«»i:«ttT* 0, 7?^ 
7-<WyX7A~7D^'!?OAit®t4>f-7/WRW 

[0009] 

fcv^(4. humor (wf-^i') <wm.*fti 

ft. t«itf«3W*2*-|*i<')Wc^-yt:ov^rtf)» 
oXfrflL «f{C±E^»3W*2*rtlO*'«t«LT4 5 
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[ooio] *&wt. dtcfflMizmfrXtfiZti 
vmhm (mt\f4 5- mm w-ynz-o^x 

[0011] 

mizm^tii&m (wtM) ^ttrntcBR*. 
momzizi}utxm=F$m?&£oizLK. mmz 

ti&mxm (zzx'\$7v4 T4 u>x7 wstaiffl) <r> 

te£<m%l%\^0l,Z-f&. ZLX. P]C2cOrti!lt 
!££#>£>X S YUftV$:«lzmVfc+^tt.&?/(ffl8At: 

shwhi wraaa <mm) *m.-ri 

fc. *04o««H«aSi»H«*i:H«fcX. Y** 

-T4. 

[0 0 1 2] fie*tfiV^TI4-HWjaBta58A«4'0«> 

itsa^TiB**©^ (««nc i n^m) jh±ic 

£ffi«g?)¥@ J; 0 fc *S < L . *fl 6 4 o Oft 
iB»<0WHItcfc» ^WK'h§&ffift$i*«t4J:o 

4fc. B2fciSVvtEP(i. 2<K7E36»« (ffi36«) fc 

[0013] HRKiwawSWIBK&Hrii. 
¥SR<0ttH (7-'Jx£BIM) rtCSftMft (77^7 

m«EP^ir 0 fc, ffl3fc*O¥firi:0>Jtr 
/r 0 OifctttffifcifJjfft*. *<IT\ B2&£Wt 
ncl^^SrafflT'O. 7~0. 8HJg. RC2 0* 
gr' £0. 64r,= 0. 64 r/o H®fcl/Cfc< 
fc. X, Y3new>**fcttLT4 5* rtffflgCLfc^ffll 
fc£v?-£*t4 0. 4~~0. 4 5jum<OtMItf>J3J&'< 

44. H2t*Lfcnci. C2^S^fefr^+^ 
[00 143 



aBrat» (H2^#=Kig3^8AOftig^Mffl) i. 

jgxiio l mmm x^mtixn^x^tzm^ 
t-ymmmfi&m&h. mmumzitKxim 
thzttfX'th. it:, mm^-yizmmit^tifz 
mmmm (m.) t. m^?->iz&m<tziitz 

hmtn^Bmmin^kimffimmizgmx'Z 

4. H2»idfc+*#iB3^8AO^Kl&^ 
OHMS? (¥gr' ~r) £RW!:*£. 

A 5' ( Xte 1 3 5 * ) < X t . *»»03Hfe&*» 
6*14. 
[00 15] 

2T-m2m^3twiA$^<7)* > . sim-^vvx 
»4. $7-5. A yrv hf»y 4 -wuyxetit 

IXyyJTJ UyX7fcAlfT4. »2JMuS30fiE« 
fc{i-*I«0fcllMSt4 o-? i;-i/t7^-19 A*1E 
i^^-y^-l 9A(i»JL-v b (^-r?, IB 
I&IIIR9) 19BtJ:oTlH»$*i4. STOKI 
\.*.\%~7 : ?tTAVyXl\<Z\m-h^ laico^t 

H«tii«*<oaa^s:t>o*t. ^ft(i7 7^r-f^ 

*»U=5r*»6. jg3fe«8&fia5i:ll«^RmPS , ?Srt 
•0)g3aS9fc«"98ii.Tii^BH*ff3^. SIKH* I 

l a«oii««oais^{ii)4 o»t k an. #o 

^R^coSBM^ran^iit^W/hS^tt ( fffflTO. 
2-0. 4^S) tjRA»*i4. 77-fT-fW 

x-tfui-? fvmwizmRZtii ztizKL mse&Ti 
jg<^t(c^4. 

[ooi6] *zx'm%muz®*)Wz.& t mi 

tf USP. 4,637,691 ^fc^$ftTV>4 J^&T'JXA 
3 0$r, 3>J><-^uyX4fc7^-^h*^>X6t(0 

u yx 7 owajfflctt .020^3 «8Ktaw<o56)ie 

«8^3i?jf3fcaSffl<Ojg3K«9 fcMJWIBcftJW*^- 
U-y h 1 OsWWtfcil*. ^-W-y h 1 0(ilEK)JLX.y 
h 1 OACiit, Br£ft«»fc:EIC8-frfeft4. 03 

x-imm. 8¥yyATAuyx7 cr>Mm,mizmm> 
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I LblttT^ hT-v hflj|7 A —lUYUyXl 3 . 5 7- 
1 2 5r^LT3yry-9--l^>^l l£ASft&. y? 

&«<r)tidtm*b<7mt. ^yfy-t-uyxi nzx 

mtttii . H3 WZTfiLtzWffl. I L ati, jMtfft*: 
1 ocoxP;* y h l^yXcOj^$i*^co?££ttllLTil 
Uti><OT'«fcS. 

[0017] zzx\ mmsnm&mktyyiT 

^UvrtiOtUfCfcO^ S^fc{±S2+^P3C ico 
MllijgttSBfcU +^Ji^8Ai^J6T^^ 
cO®itKcO±ta&MJ13;£^3iLT#l>. 77^ 
T-f l^X7cOlfttffi (4>L<(ijg3£«8cOffi) V 

^?)VR<ni^-vmzft\^x%¥W£y-v^W> 

WMztoX^h . &-5T7 74 7-ri':''X7<0lOC0 

y-t- W y X 1 1 ic J: o T AStft 6 co t =0: *> T 
U*?/l'R£ffi8!IBJW-i. dcOt#, 1 oc0j£3tilc0 

7— u xsaftffi±-c<o»ii* ( asm Ax*»fewBt ) 

tt» Attf30<OIE3£ (sin 0) fcttfflHffilC&6. -CO 
IZ&tXmteff&tEth. X. Y^ftcO^fcjgiJW 
Tli. teWMN-A - 2 2 5 5 1 4^4«IBf CBBSSfl 
[00 18]«(HB&ILba889tfcJ:-3T. V+?lVR 

0%. O^HItffTtDo fc lOCOl&UHffftD, fcli, W 
■fH:^ h U 7 ?$:S»#*jRP LcottE P|*|T'*t& 

«fc:#*Lfca. nrxAwcarti. ftixui-? ivr 

LT^xAWJbKiStRSii*. ^xAWco^Bfctt^v 
^h«*^SS*lT^I)<0t\ i"Vy?-19A<0BBl$ 

[00 19] *<0?xAWt±, TfeWAXhSlI^ffirtT- 
W S TltU—f-^mi 1 8 AC «t SffigfiB<Offa!l£ 

mzms^x. ±—srm<m%P--~/ v 1 sbcj: ok 

■iSfi*. $iJffl)J-x.yh2 0{i, Wi^Uf-yW 
Uffla - -y M 0 A z gaswcswr a . 1$ U y 

hffliElp.--y h 1 0 Afctf LTIi. l/*?/HW)ffll 
[ 0 0 2 0 ] H4 (iff 1 ogtftHtc J: *X%ffi8aJttt 



w%]&viZ7fi-t*mmx'$><o. msim^co&mjkx 

Yfc H-cOSgi&T.&Jti: #<OUf-^^R±co^A^ 

V*7)VR±)Z\t\'*7)VMm<m.<n1i$\X. 
YkW*JWBKF5c»V-VPv (tv*ttx*fo) 

i;1iA;y-->"Ph (K-yf-ttY#|fi]) fc#£<3=£U 
*fl6£<6*Tffl£fcLTM^$rVW» X, Y^rfico 
^fc»LT4 5' (Xti. 13 5- ) mCLfcflffltt 
SrMftA^-yTa. Tbt^E-f^,, dfcX* 
-y^HWHi, ^WIWtlHfer, ^ftrAMxfflco 
HIS&JfliRfc LTcOIxf-^yUT'^^lco^fC'S) 1 ?. $A 

[0021] ztibw-ytttz v^9)VR\zn 

IX , 04 Lj«S#«8 £»B LfcSBB*^R*»fe 
^)SH>ffit*BIM«-4i:. B2a. 2 b <0+#^3gft 
»8Ati-5TKBS*lfc4"5^)HiR3WBa58 1a. 8 
lb. 8 1c. 8 1 d(n^^m%UbLX » 
R±c0$f; ^-yPviiA^-yPhi C0t5#^c0^ 

«8l±«JW8fc*1«ffir 0 , |*Igrco^^g7l£a58B$: 
SjS (TtttAXcOffll.^) *»fe+*«3«3t»8A 
C05fefflit'c0*$b{i. r>bcOB8«ti^§tLTV^ 
4. ft. «flBfi3l£ai58B<OrtgXv>T6«H2 4'<onci 
(c«SU, IMIfaBe»8B<onMro sWMMt^SRP 
LcottEPcoHSMfrSrSAH (-f^ip^fiA^P^N. 
A.) titJ6i-6tOfct-4t, ft^Tt^S BcOrtgffl 
rbMmr 0 tcOjtr/r 0 tt, 3t-l/^77? 
^-cOcrffl^flfl^r^^V^ 
[0022] S/J>t, H4«aE*«8t:ev^T. 
M3^8AC0X. Y#|6j<0&5fcffiS5fcUL fift^V-y 
Ta. TbOlfiflM£«!WrjaW»8 1 e , 8 1 f . 8 1 

g. 8ih3&qg«s*iT^4. femozcomcomwmz 

■Wi. -ec04OC0^SP8 le. 81f. 81g, 81 
hti^TilTt^t^ilTV^. i CO 4 0(0389^8 1 e 

~8 1 h<o*«fcaaR* (ffi^as) ^^st. »t^- 

y P v-^filA^-yp h<O^B|coSffiS^^«SSr 

ypv. mw-yp Mzttix?m%m#Mtm8 1 

a~8 1 dcOffl^cOB« (fttV^liXS) Cit^T. 4 
OC03gHJg58 1 e~8 1 hcoffl*COffifil (h^liX. 
*) Ji-Hi't'hSv^A. ifA^-ypv^ffiA^-y 
Phfcov^T<0gi^ttlg$:A# <a=2ra tcot(i^A>=5r 

[0023] -^T'jg7tffi8c0«-ilr (a) . a. bco 
nfftt. 0.1r/ffSaS0.4r/ff, 0Ar/o£b 
^ 0.8r/<rS«t««)^ft4. ffia** 0.1 r/o (-f 
^rt>*> 0.1 r, ) iOi'hS^&t, ^TKMtLT 

coam*w*L. jittaa^ (aiaiAxfeWkf 
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C, *a# 0.4r/<? (-f&;b*> 0.4r 0 ) <fc 0 i** 
<«r«k. 4O0S^SBJ^8 1 a~8 1 d*5**Offi 
SLhOS'C^, j63KS8«JSUto6»fe** <litafeJ5Kc 
SJ*4fcft. U-f-fA'Rl.W-yPv, Ph£7)3*> 
tfvf-^J: 0 «Mtc$r -3 t> <r> izit bx UMtt&MtM 

[0024] SJtebteOWCfc. 0.4r/<?i>9'h£ 
(©EEL t**^j8HH»8 le-81 h<9B«#i|*-f 
WKm-LXK&ZblzZZ,. mtzmbtf Q.&r/o 

[0025] ££04 L fcidBtfi 8 COmtX'te , h 
m^tHWV-yTa, Tbtf>fS«fc*3Mrffl 
ftMBSr-^T-fc 0 , A>o+ife^+^jE3^8 AO* 
SMHifi^-VPv. «p^-VPh<0»T*<, ft 
W-yTa, Tb^LTiTO3*ffi*»»*i 
WtbX^Z. ;<0fcJ(^()^-yTa, Tb(7)if 

mm%zmzttfx'%&. 

[00 2 6] ST, H6<4aBKIR8W»2SatWtJ:4 
»«£ij*U 04<OjB^8OttjBfcRt^fcHJ|- 
WlWSWtT&S. #Hf6«»fcttC!i04<Ojtft 
SifcBfe****. *ife^+*«jI7fcai8A• <o+ifrfc 
^gr c ( r c > a ) affl0X3iM*ftttfcA#ll& 

ftfc*3ftfc#S». -t=Sri?%4o«HttjKH»8 1 a~ 
81 d^/?<7)®a^ll4^^J:'9t^ : 5r<^ l 9, ffi 
TOciA/^-yTa, T b ffMMzffl LX~fi%)ti: 3 )t 
ttb*>4'30}Sfm8 1 e-8 1 hO^^^ffi 
»0»&#Ji**-S. »A7-yTa, Tb 

^«^»^« J ?^.^S^I140«^ e t 9 1 S fefc 

[00 2 7] *fcH6<0Sfite«8CJ:o'T»rfcfca3e$ 
*i&aMHi, ^WK^AXtoSv^ifiT'fc 1 ^ 

m. i^-ypv, phfc»Lr»±»««^s(usaa 

H6*S63H88«rJHvtf:iSL i^V-yPv > Ph 
<0«^««rlS«ttiai. 04 ^iS3t«8 fcfllnfc t § fc 



[ 0 0 2 8 ] Z 1\X® 6<7>W(ffl.80)*&<7)PlBm& 
<9¥gr2»i. 0.3r/tf^r 2^0.4 r/tfSSCS 
*>4>*U «»£tta<r2<b0*fM>jD*3fl*. ■! 
:tfgr 2«7)€* 5 ''Jn$<^- 5 TM^. air2t« 
^ 04^«3^8O^fcffl4>3&b4>&<$:o-CLS 
1 fc . ft*V ^-VTa, Tb Oigmom£J« 
*ftffltt*M>*jH- 6 £ fc t** . at*g r 2 Oft* 
< LX^< t , ^Offl*ii^K{±*&»tj£^<£ 
*8L i^->Pv, Ph^«B#£7)m^Sfiyc 

[0029] m7iimm.8<r)m3mmiz£&ffiki 

SE8 1 a~8 1 d<r>^O)-U{,z9 0' £>3~f-£t>o 
«*WSfc»8C. 8DH5Htfcj£##5rS. Zithm- 
mnSC. 8DttX», Ytt^'rfcW&x-yi'** 

*ru x*» *» & Y#itj wet d y mmtix a o . y« 

t ¥ffx 7 yiiYltfr X*|fij(C|®i d x :WSIh.T V > 
&. f«!feWee»8C, 8DttW*BUIS»81a~8 
1 dff>&«W*Ts X*. YW^«* l 'oS;t>jiv^ 
tlgft'aiXTfcO. ;^g3fc^8C, 8DW«ih6»^ 

.PMilA?-yPv, fit^-^-yPhiLTfti) 
t -y f-^/hS ^ fc (7) . hh V M4«iHBrK -y f-4>iSWW 
-yfc»LTft«ftSn>£ffi|fll1#ttt»o. 

mi. *nm(mwo. 4-0. s^m^g) <m 
wmnL&sw-ymmiz^ tsi?>%k&mm 
9^hnnzwmLxLto . 
[0030] ^xmi<r>mM8\±. zz.x<mm% 
mmz*. 1 xw&ixmain&afrv ? rmrnzw® 

sm&<o l & s v^- > zists W)vr z&mmytt 

IZ* »WWIfi«8C. 8D^X>yx'Offig|dx, dy 
«U :;tlidx<r. dy<r.tS»iiil, i^^-^yu 

ts t mmn&x'btuf. $tcdx=dy Kg* &*i 

4. *UTH7<0J6Jt«8l*J»Htt^S8 1a~81 

4r&m8C % 8Dtf&&L%^kZ<r)n>b)S.Qmb* 
tCSS^LX^w *fcfife«B3K«8C. 8D^«-x 
•yxCOX, YW*»i?,OBB8dx, dy*/h3<LTV^< 
t. *m$fflM8 U-8 1 d{i®g (XJ4IE*r») 

[OO3 1]08(i. »S3Ka58C. 8D(7)#x-y^ 
OX. YW*^<Og0idx, dy*Jtl««/h$<t&i: 
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xi^< y M^yXoBlfffi^c ( £ £ X-lHEHmt -fft ) 
fc£;btf£i*£OMft$8^#S:^1\ 5fcOl2 
4,06. 7 <0&jgft&<7)i§£t>jg7£3ffX 7 xttx 
y M/ yXoffiM^c^tf U*. H8 \z 

«»»Sr»Jfi-f *4 0<»MfflB»8 1 e~-8 1 h**ttt. 

ft. +^>gft&8A<«7)¥ttattXWyb 
U:o(m«^-<f1£tz£g>6ft.. *£btt5ffl#^ 
tttejeftMlTV,**. *LTHtt*!IIS8 1 a-8 1 d 

SWS<3 1 ffloxu* yhi/ yX£K 0 Hfcv vfciatfffit 
1-ft. ft. »4«&8C. 8DCffiiir*-ftfMHi. * 
n-fii2ffli?)xix^yhl^yX$r5£^v^LT^ft. t 

zc»m<7M%M8<?)i§i£. A^crmftwrns 1 a 

-8 1 d t^BJg|58 1 e~8 1 hfctt. 4-2T'tf)#SIM 

■oT^ft. S*>fc4otfDBMjeaW»8 1 a~8 1 dcD* 
*«9ftl*j£ (ft«>lK£t3£vin) tfflHtftHKOxu 

x 4 fflox u*yhu >Xff)m&tf0xk% t jE* 

<^as««jfit«8fcH«offffl. 2&«£#ft£fc#-c 

[00 3 2] $fet08+t*LfcH«aW»8 1 a~ 
8 1 dO*'?^{iS^-ft77^7'f kVX7<0X^y 

T> U*?Jkt«L&S^t*-V«>aiH^?l'*5'l* 

[00 3 33 ££TH9fc#SiL/C, 04. H6-80 
aai6K8*fflif^k*. l<1-?)VRfrhmLLX®M% 
*3RP LfcTJf Lfc«WHW*iBE P ftWftSKo 

j&Ot-yf-OtSL «/V-yPv. Phfc*JLTft*fl: 

sft^4oo««Bi36aw»<o**a'C'ja8 o a, s o 

B. 80C. 80Di:. S^-^Pv, Ph 

t H-<otr 7 *<nm»W - vt a fc*f LTftfifcS ft 
4 oc9fttt'C\£W -5 ^OftHW^ 1 -^JfrCvS 8 0 
Et5, KfflEP±T^L!ttOf*ft. 40tf»&j£ 
8 0A~8 0DO**tt. «J^W+04O*>»RaMI 
SS8 1 a~8 1 d«*«»ffi««*fi'C«fc{5ar-ScL-C 
0 . S'tv£8 0 Ettj§ B JKB8 1 e OfflSW&S'&jSfc 
tt#-gcLT^ft. STs 4O<0g<ty£8 0A~8 0D 
tt, tt*fc$rft»L flt^-y^e-yf-KttLT&WL 



fc, M^j«8 0A*jiftaire(S»WB8Wfc:J:om « 
AC*-y*»&*£f* OJWBi, »>£8 0A£jID. 

tftfi't^8 0B, 8 0D£»tLT5Ift. 
[0034] S'b£8 0 E £»ft «k a fcSWSit 

fcmwmizx^xmw-yp v*»^«±r*± 1a 

+ D x , ( EttHKSWS* ) tt. *'l>£8 0 E £ 
1 0 XWifc -eofifittH 9 O 

«fc 3 MORE P<0ft*ffi^HWc*->T L£ o ff)X\ m 
W-ypwl&mzliSmZS-l*^. bZbtfW* 

Ph loo l&HSrff-Dy, (H 

w-yphmmzmis-z-h. zwv&mx- 
d y i ttfit^-yp ha^mwm^ziihmm^ 

*liffili:tt#frftfc*>. UI^-yPhOiSfUcfc^T 
ttWJffiKfcv^Taft. U>L&* 5 ^. M<I>j5 
8 0E5rfPft.HBBJ3t«tt. /hS*^lO»8»8 1 et 
Hit 0 > tt<04O»fi^8 0 A~8 0 DCOWBffi&lZ 
tt^T«Rt/hSv\ *^)Jt»4ffJitfH8^>«^, 75 
-fT'f UVX7<OXU^yhV>'X<?3St<?3JtT^ l 5. 

[0035] ^t^A'^-yT a ( 4 5 * ) 
«3l£«<^ffito^T#iT*ft. r^T'tt. tfMiLX 
WbA8 0 BSr O^^iift i o tiE[6]§tL^ B JJt 

(B«S»!B»8 1 bOSSS) WBUtioTfWW 
-yTa*^^-TftIl]Jf3ttoV^^ft. flft/V 
-yTaC0f-yf-* { il, i^-yPv, Ph(0e-y^- 
t|S|SST'J>ftfc-ffti:. tfW^c^-yTa*»4>tf)ia 
E*f*- D 1 1 ( m^m<7)M't- ) tt. ftl>£8 0 B ^ 
+^fct!t i f s S2ya (J>ft^tt2x/3) WPULT. j6» 
o»^8 0 B 1 8 0 B t SttEWAXS-jI-? T^IS 

(135- )±t<fiflWft. i^l<W3#f*-Dt 
i tt. 2^1M8 0A, 8 0CfclS*4 5* 
BQ UT . 2^jK8 0 B Srfflft 0 ^Ttmi: ft&ft&HffiC 

ttifit<^r^^ : 3:oTv^ft. 
[0036] kZ\ bW, *M8 0 EtCf^^-yT 
a^OOJJObWfiLatfftidfc. . i!3t«8tSBBa! 
8 1 eaWftttfeflTV^ftOT. S B JnP8 1 e*»6«IKB 

Dtj ' tt. fi't^8 0E$r4>'DtUc^2ya (* 
ft^tt2x/9 ) OR±T'. *>oa^8 OES-Mft 1 3 
5* Ot*<afcj*8 0Bfc8 0D«kfc|*fc 3 WT)±lC 

fflatft. -e«fi'C«j^8 0Et ijjcEWf3e-Dt, • t 
otaaw^tt. a^8 o a 1 8 o c k Sr^4 5 • o 
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1 efrb<7$m 3 Bt. #^N^->-Ta<7)^{cWLT 

imtci&iHz**) . mnbJ^-y^Mms.^MM^ 

tt#-rs*r6]^i»<. ft. 0 9 Oi§£. »^8 0ESr 
0»:3tfc-f l.f}rtA'^-yT a*>£><0 i &0$»fft-D t 
i ' titiB'XtiUiKfiEU §^£<e-?)G®4jtft1£8 

<t& (80HtT &) t«SSUTV^4. 1 

ijciajf*- d t j • «xui(tiaatf8 i hnafcjua o 
mznw^zm iiz2^mtmvmiztit z t 

[0037] &±0)Zbirt> . SUHBW^SML WC 
^yPv, Ph.KftA'^-yTa, Tb«#tvf 

CfWPLfciiBCSa (SBJS58 1 e-8 1 h ) tftfs**) 
3fct»lvSitt, 3«Wfc{iX«L Y«JfCJSWi3&»4>. V 
(x/8* +ya ! ) tfDlBt^BrtcEaWThif J:^. ^« 

S=F «*Ulf2 0%~3 0%iI£) UWnvcfc. * 

[0038101 0J4*«WOiB4OlSJt«CJ:*!HW 

74P>'X7<')gfcfr£. W&T3-7 8 60 7-94MKC 

th. 03+O3U^-^l^yX4trUXA3Ofc 
Laii, H10OJ:dClSB«)79 
4 74 UVX7E fcAIff 4. iW7'f7'f WXl 
E(4X, Y^-|6]t4»roc0xU^yM^>'XS:^fcifc 
t^fc-TS. 75474l'>'X7EOS-xW<>'M^>' 

L->'X^2 55-^LT2gS077'fT^W>X7F^ 
7*ffl<0£fflfcS«LT!8Hrt-6. 28g<7>754 74 
U yX 7 F (4 6 x 6 ffl05ffi?iJTxu.X >- hi/ yXS-sHfc 

i«2^77<r>f wxm^. 2&s?)7747 
4 )^yX7 F<offl*<7)xio< y h uyX<otfajfflt«±, 

lSB07 7^T-fUyX7E^>WajBSC»*Silfc4 
x4ffltf5^BHB«3WBj&S*i*<OT. 3#7c3fci!I&l41 
6X3 6fflW^3tii**2<X7C«fc*^tfeffi^t^ 

4. 

[0 0 3 9] ST. *HStW<0%&. 04. 06~8(C 
SLfc*jfc«8tt, 2Sgf)7 54 74 i^X7F<olt 
mx\ 3<jC7c3KiB«*W«Sft.*SIH+OllrtfcE{l 
Sill.. 01 114754 74 U^X7FflltHJffl«c»j£ 
§^3<K7bfeS«tie3fc«t8<05g3ta58A (8A'>. 
8B<0#x»/x*i:<offiJIiaffiS:^L?tt>OT'*»S. 01 
lfcjjN\k3fc. 754 74L'>'X7F^lO^XV^ 
>bUyXOltfct}ll£t4, 4X4ffl*>jS86SSP#X. 

Y#fltc«{*»t»fT'»(i/o*i. 



8 a ( 8 a ■ ) mm*- -v ^mmcouffiimft 

S8BWrtgP3ClC»lBt*Xv5;i4. £T3&7C3K 

•t=5r*>*>. <07 54 74 V ^X^Oi: £{408 fc* 
Lfc J: o (c 7 5 4 74 U y Xcox > h yXcoBfffi 

23 (?>tJ>) 7 54 74 l^X&T14. *0 

a*«W4. *-754 74 l/yXJfoOfc^i 0 fcllRfc 

tbx^-mztch. 

[ o o 4 o ] 0 1 2it*ffi&m 5<7)m&micXitm 

flOjliJ^U £ iTUSB!¥4 -2 2 5 5 1 4# 
ffi±*)X Y««3RT4 OOJRRW*^ izOMt&MW* 
X70A. 70B. 70C, 70DTffi)£-f4. *LT 

3 im-* \,>x4frb<ffiffiWt^<mw%3L*nft 
mr y xj> 2 6 x-A mmuz$m i . -eft-m* 4 o 

<7)754 74 l^yX7 0A~7 0D^AStt 4. 
#W>^^-yffl«Bp3taB4. 4#(7):*7'f-#/l'774A 
-90^5feSS57 0E, 70F. 70G. 70HTffi{£ 
U ^fi04*«DJrr^;l'7T4>'N*-9 0Wffiffi (Alt 
«) ffll41*fc:Sfafeit» ^7^-1 9A^T*^(S 

[004 1] *HSSMT'{4f^^->-ffi(7)B3Kji$r^ 

imK mmw-y%<myffi%tt&%bifciLix^ 

^<ffffiLTV^V^§(4, *7f-*;U7r4A--9 0 
(ND7-<;^-) SrMAtT, 5fe«a57 0E~7 0H 

*. SfeK, *<?)ND7 4 n>?-cr>fflemcomw§t l z£ 

oT5feffiSP7 0E~7 OHOJteiaftKSSftS-e'iii: 
3&«T*# SOT\ /lrR±(?>L&SJl?->cr>o1o® 
Wf-yffLtoZMGlzmiXW&te/t&ZZL&Z. 

/^-y«»i^fca8t4ffi«*. 03+co±$jfflix. y 

h2 0CA*"fft««fcUT*Jttfcf. 4oc7)5feigS7 0 
E~7 0HO5Bfe%^^. W^^tL^r-X/Hcfi! 
oTSMWCfiJSffl (»fc*tf) t»ftiii:t)T*S 
*. 01 2t^L7ti-5t. 40075474 

UyX7 0A~7 0D, 40<J55feSg57 0E~7 0HA>' 

yOh'-yf-CJEtT. ffl^^)774 74l^VX N itzte 
5fe4SSSrXYfflrtT2iJOc, 4fcttl<J5cfc^I»t:LT 
fcv^TiiV^. »N*^-y, *W>/^-y 

<7)t••yf•*^|5IaST'^) , ). 40^754 74 U->-X7 0 
A- 7 0 D<7)^^r^lttiilffl^ffi7t^3felM'M* { . X 
YSCgT'3tl*A X -f 4 iEiffl^) 4 B C»J6 Lfe 



(9) 



WHPP6-1 96388 



EWfcfcifc&fcL 40tf>75474 VyX70A~ 7 
0 D O £t&6A«tffiMA X *» 4> OflHMI b . ftttffi 7 
0 E~7 0 H<03t*fi't^<?)3ttt*^O{i^fti: WJQT 

[004 2] ft, Hl2W»«{C*iV^T. 400754 
74 l->-X7 0A~7 0D<7)5*:*(i, HI 0fcH*fc? 

yfA • 774T4i>yx%bLXi>£<. 4£#75 

4 74 UyX7 0 A~7 0 D<9**<75tt{ttfflWES'Jl3i& 

fci^T012K*5V^Ts 754 74 1/VX7 0A-7 

0 D0>**<oiBfcli« «r»OfcjS0ieiR»*RttT vvjrv^ 

mBT#4v*fc>V^#l4. (+**) 

ti, 5fcOH4, H6~8fc*Ufc»3^8(c*fl/CtiH 
®lZ®%X'ZhZbThiX. +=rtf«ftSS8A, 8 
A' ^ft^«3l3tai8B^^^^3i*«tcL : Sr<Ti> 

»*ffl<0Sa»!«3(W)«[* ( i «Ttt3 65nm. K r FX 
* i/7 U-lTCli 2 4 8 n m ) fcfcV >T 9 0 %JiLh<0« 

[0043] iiTOTO^SAV-^a^OSi 

0 »«C7)^^ 0 13,14 IZOk?. H 1 3 li#£0 

fc3*lfc«M>«MI (x/3. yff)t, JtSfc^ ( crtt 
TO. 1-0. 3) ftCT*n£4XIUaaaHEK001 
T*6. Hl4ttHl30HJMlP«)ftb9JC*'«JEJSr 

[ 0 0 4 4 ] -W t LT . H 1 4 t^-f XHPRtfflVi 

mmL&s^^-y, mm (45- 4^*41 3 5 

->&<r>y4 XJiX^-XOiiMI^ X Cum) (C 
JW&3NUiS8M6DOF CauiO O^SjlV- xayg* 
£01 5£ijrf. iCT^S A^-v-a y<9&fHi. ift 
*ASrilS<7)0. 36 5 Cum) , gi^^PL^ 
x^NffloBBPR N.A. £0. 50 (1^7/WITJiO. 

1 ) , ifi^8<0lft««ifia£»8B«0rtgr*<ytf ( r 
/r, ) fcLTO. 8 (a^R^ffi3tjH^ofit>0. 

0. 2 8, -f$r;bt>a = 0. 28rA = 0. 35ri: 
Uz CM^^TI,ta = 0X'+^M^tWj:l) . 
TftjfiSIIIE ( DO F ) ctfffli. 1:154 yTVH^ 
-7 (L/S) y\-^-^<7)3yh57h^6 0%tjLh 

fcfcSEH (£ifii) w—y-yf'i'Hi'i'x 



-Jgffi, 1. 2/1. 7^0. 706 Urn) £HL3I 
Vvfc«fcU:. El 5+T2iMW»T«Ufc>'Sa>- 
y 3 ySHO#ttD V Hi, HI 4 c?)ta!*(?)jg^«2rffl 

fc*U gaU^SaW-j'ayWttDOltt, RttfC 
H14<oaBttfitffl^fcfc*OiW> (4 5* ,135 

IMSifflRfttD O 1 *\ JtSS<0Jt*t=^a 5 U- f- L 

ijsi^aawttDciow^iSftfc**. ft. 

-f*Uc*f LT b JIufflU&ftSD C fcijri . 
[0045] HI 6{i*Sraw»l50tW (H4) fcj: 

<?><I<0¥iIa{ia = 0. 28r 0 =0. 3 5rfc£tf>& 
it, *3*>¥ttblib = 0. 56r 0 =0. 7rtL, 
MfcHA, N.A., tfiiHl 5*>*6i:PltfcLfc. £ 
O&ftX'crtimn 1 : lOL&Sv'N-^-yTcO^aiS 
#ftDV2{±, HI 5+<Ofiaw>S8B3ea[ (HI 4) |Z 
££#ttDVl J: Ofc-f -2r*W>L&S^ 

iW^anU +^g^^S^<lai*S«0 
*«b£-en-ftla=0. 2 8 r 0 {tSffl&MMQ 
m.H-VO. 28fg) , b = 0. 56r 0 (BRPft N. 
A.O0. 5 6#) fcL?t* 5 , iitfe<iO«li*nCR^$ 
*lSi(7)Tm<5fc^^«toH, ffiali O.lr 
o ( 0.1 -N.A.) gaS 0.4r 0 ( 0.4 • N.A. ) SKTfc 
Wfi<, fibtoV^TJi 0.4r 0 ( 0.4- N.A.) Sb< 
0.8r 0 ( 0.8 • N.A.) S*T*<ltf. *f6^<©«l**1# 

» LT b < r fc&o T V^^* 1 "* S . 

[0046] hi 7\z#m<7>n2<nmm (H6) t 

i/a>«**Srr. i^t#it3t«8{iH6t*Uca 
0 , +^PBK83t»i: Srffl^^^-fr/c t 

OT, ySal/-i/3 yftfK4«*«* A £ 0 . 3 6 5 
Atm ( iH> , JSaWK*»PL^«>xVNflIB|P»N.A.fe 

0.50, mms <ntm <om%m&%M 8 B Oftg r 

J(7ffi(r/r 0 )BWC0. 7 , +*ttJBlMM>»>> 
^<Ia£0. 28r 0 , *$c7)^fibSr0 . 56r 0 , 
^UT+^PJJKfiJtW^acSrO. 4 6r„ tU;. 
HI 70ySil/-y3yfelWJ:9(:, KAL&sn 
^-y<»MS(USa5§0*ttDO3tt. fl»flMl«^n«ffi3t 
$ ( <r = 0 . 7 ) T^>«US«faa*tt D C t Jt^TISSK: 
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[0047] Wi/ 5iWya yX'te. 4M>RJB 
WtMaytpg. c<9ffi£0. 4 6r/fftL)t*'. 
Manila. bRRtt. 0. A6r/c\ZW&%ixZ>to 
»fCtt$r<. 0.3r/<y ( 0.3 • N.A. ) <c< 0.6r/ 

c7 ( o.6 • n.a. ) ngxbti\i*mnyi&*+tt£® 
hzttfx'^h. tztzt. *s c otfc'hs 

^ffiM-ZZklzZZ. tthh. HI 7+<0*fttDO 

c<mmt*)±%^i:. tiutmmw am) tat 

D V 3 *T\ A'? - y*M Xtf 0 . 4 5 w mftififc JL ^ 

[ 0 0 4 8 ] 01 8J4*«W<0»3<OlOtW (H7 ) fc 

BHEH&N.A. £0. 5 0 . m%M<n%±!mXhl aft 
(r/r, ) £0. 8, +^j63^8A<0#^, 
a. ^flbfcfix-mo. 2 8r 0 „ 0. 5 6r 0 . * 
LTfflffl<0ifrhaBfc8C. 8D£T'OSE8td£0. 6 4 
r 0 iLfc. <I?)Hl 80^5 al/- va>JS^fc, ff 

k. H7tfMg3l6K8*fflvvfei:*<0|SW>^<^-^fc:-5V^ 
*O*U£SMEWttD0 2 (HI 6) . XfiH6<7)j63ftg 

*fflv^ts««siujsaaE»ttD03 (117) tnm& 

fc:K#§;fvCvv$r#£. mmcoL&SJ^-ycodh. 
ftfc 0 . 45 v mfflgftJ-i y^^W&fflM&W* 
f-yiz^Xh. «u*i«K^ttDV4«*D<, tiUim 

[0 04 9] ft. H7tfD3tJtfi«l«oa/jNjfi3e«8C. 8 
Dc7)X-yi«dOffi£>, 0. 64 r 0 CR5gSil**> 
frmtfc<. 0. 5r, <d<0. 8r 0 gflM>«H? 
JMitf Jv*. fcrtft Egftt dtf&a *)>bZ^bimw- 

**vik»«*««ii ! SrV». *£TH7fc*Lfcjt#«8 

[00 50] Hi 9 (iit«c7)^rttclft cO|5|«tfO 
miH3ft£AA£0. 3 6 5jumi:U *LT0. 7- 

n.a. (o=o. 7) tfls-ri^wnjenajKB^^ 

^ n -£<0¥#O¥S ( a = 0. 3 5) fc«3'744"i>H 

nmkm^tytih L&sw-yiztt-t&Mtmg.® 

ttDATIi. 0. 4 2um&±0>'?4> 



x) mi toiivv-ymnt. «r«ari . 5^ 

mSKOllUSaRB&fi^ <bft* . ftJfcfWffift^k s 

*U fltf.tf 64MDRAMT«0. 4 5;umgj£OlS$S 
**£BfcS*i4. fiHTHl 9afc<(MHHir?ft6*i 

M&MJ:8fc.TV)4attflUI ( l*tmS«) 
l£3*VC^4flL «OL&S^-/t*6fc». #16 
9*3 J: 3 &3BRXl^i*fcftT*&&baT&£ . 
[00 5 1 ]$, WtWCfcHTtt. iHRfc**^ 
Tfc LT i »*JH^4 *>cok Lfctf. £*lttflW>**C 

-yaywftfttli. fH«ie*»WBBPft N.A. £0. 
5k U a3t8cfc«fcoTff4»n4ft*:Offl3eaW>¥gr 
fceffiTO. 7,XttO. 8kltz1)K HQS N.A. s 
tf«i£*lfcl85£3ft.4«>W«i$:V\ «ffLtf*fe-3 
wctt. 0. 7^8»WWWrP**. *fc#WBtt 
Wli, jg3t«8 c?)Ki^jg3fca58 Bco^gx -y i/f 
^$ti4R (<j) fcJ:-9TlllRS*i*fc»i:Lfc*». 

kY*|«ifcT»fir->TfcJ:V\ t^*>, #jB3fc»^f 

[0052] 9HW)!IR9SK4>Ttit . 7 5 7 -f V >-XcD 

m^ttS. %zx.v*yyvyX<rMW&k 
X, Y*|6jTfWro-r<4. *irw^wwfctt 

Y*W-^lfl8WC»flr fe** i k ^'^k ^r4Cli:t>S> 
6. 3fE^BB^#|IS^T*ffl^l)ig3Kffi8«0«-S3a 
38 1a~8 1d. 8 1 e~8 1 htMLT^i <SP. 

jg«0-35. 4fctt^T*^RS3S» mil 
<\i3Smm#5 0%WF) kLXi,XW 

vM-yffmmeufi&ttizih. *tit>tztfmx'%& 
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cmku mmm^mtixa<zttmtu\ 

m<DRh 0 (c 1 ~~ 1 5 9fltfl#»S3Hs£l«> . *»OjffiS 
-yiSSiSB (ffiR) Srf&tt4 ) SSC^f-^A^aUW 

4. 
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